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INTRODUCTION 
Interest in the Study 
When a bacteriophage of the T series infects its host bacterium, 
Escherichia coli strain B. , under suitable conditions, the bacterium will 
lyse after a certain period of time, and a number of new bacteriophage 
particles will appear which are genetically identical to the Infecting 
bacteriophage. Replication of the bacteriophage has taken place. To 
understand the mechanism of this replication process is one of the chief 
alms of bacteriophage research. 
One significant step in the development of new phage was that dis­
covered by Hershey and Chase (1), They showed, in working with T2t 
that the deoxyribonucleic acid (DNA), which makes up about 50% (2) of 
the infecting phage particle, is injected into the bacterium upon adsorp­
tion of the phage, and that the protein coat remains outside and attached 
to the bacterial cell. They found that most of this could be mechanically 
sheared off without affecting the phage replication process. This ind-
cates that the genetic markers of the phage particles are carried by the 
DNA unless some small component hao escaped notice. 
o 
The maximum absorption of DNA lies near 2600 A , close to the 2537 
o 
A mercury line which is commonly used as a source of ultraviolet radi­
ation. This radiation produces chemical changes in the DNA (3,4) and 
the action spectrum for the inactivation of resembles in this region the 
2 
absorption spectrum of DNA (5). Luria (6) found that UV irradiated 
which have a very low survival as far as single infection is concerned, 
are able to initiate phage synthesis upon multiple infection. These facts 
indicate the possible usefiUness of employing ultraviolet (UV) irradiated 
bacteriophage to infect bacteria in order to study bacteriophage synthesis, 
and also point to the important role DNA may have in this study. 
This thesis describes studies on bacteriophage synthesis upon mul­
tiple infection of bacteria with UV Irradiated bacteriophage, with infec­
tion with unirradiated bacteriophage as control. The synthesis of DNA, 
together with the appearance of active intracellular phage, are used to 
follow the process of development. 
Brief Review of Literature on the Use of UV 
Irradiation with Bacteriophage 
The most obvious resvilt of irradiating phage particles with ultra­
violet light is that a large percentage of the particles become inactive in 
the sense that they do not give rise to plaques, when plated on agar plates 
with sensitive bacteria and incubated, as do active phage particles. The 
inactivating effect may be indicated by means of survival curves which 
are obtained by plotting the logarithm of the fraction of particles active 
after a dose D of radiation, which is a function of timet with other parame­
ters constant. In the cases of the T even phages, the survival curve is 
very nearly a straight line indicating that the inactivation is the result of 
a single "hit" (7). 
3 
Ultraviolet irradiation was used by Luria and Latarjet (8) to study the 
process of phage multiplication during the latent period. They irradiated 
infected bacteria at various times after infection and plotted survival 
curves for infective centers. Instead of the typical multiple-target type 
curves which they expected, they got (using T2) continual decreases in the 
ultra-violet sensitivity until a little less than half way through the latent 
period, after which the UV sensitivity increased and the curve developed 
a multiple target shape. Later, Benzer (9) who improved the technique, 
did similar experiments with similar but more consistent results with T^. 
He also did experiments of this type with Ty bacteriophage and found survi­
val curves which showed an increase in target number during the first half 
of the latent period as well, which is the resvilt Luria and Latarjet had 
anticipated for This indicates differences in the T2 replication process 
compared with that of Ty. 
It has been found for several of the phage particles (10) that the latent 
period is somewhat longer in the case of survivors of UV irradiation. In 
many instances, however, UV irradiated phage particles perform the 
same function and exhibit the same phenomena as unirradiated phage. Some 
of the more noteworthy examples are as follows: adsorption to the host 
cell, killing of the host as a colony former, exclusion of the genetic ma­
terial from superinfecting phage types (11), stimulation of the cell to 
breakdown of the superinfecting particles (12), production of lysis inhi­
bition in cells previously infected with r+ types (13), and lysis from with­
out (14). That each of these phenomena do exist for irradiated as well as 
for unirradiated bacteriophage has been verified in connection with the 
experiments which will be described in this thesis. 
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Review of Literature on. Multiplicity Reactivation 
As has already been mentioned Luria (6) discovered that the survival 
of cells multiply infected with UV irradiated T2 is much greater than one 
would expect if the phage particles infecting a cell are independent of one 
another. In the latter case the probability of survival depends on the 
survival of at least one of the infecting particles. One would expect a 
survival curve of a multiple-target type modified by the variation in 
numbers of phage infecting each cell. This extraordinarily high survival 
was found for multiple infection with phage Tg, and as well as for 
The suggested explanation for this effect was that each phage parti­
cle contains a number of ultraviolet sensitive genetic units, damage to 
any of which is lethal for single infection. The undamaged units from 
the separate infecting particles in some unknown way mxiltiply and com­
bine to form new phage particles. This has been called the "recombina­
tion theory of multiplicity reactivation. " 
Luria and Dulbecco (15) later extended these experiments with T^, 
and T^ and were able to get fairly close agreement between experimental 
survival curves and curves computed for a specific number of genetic 
units per phage particle for survivals down to 10-3. The agreement was 
good enough to lend support to the correctness of the basic ideas of the 
recombination theory. 
Dulbecco (16) carried out multiplicity reactivation experiments with 
T2 using improved techniques enabling him to extend the survival values 
»7 down to 10 . Upon so doing, he found that the slope of the experimental 
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survival curves in this extended region was not what was predicted by the 
recombination theory. The recombination theory as an explanation for 
multiplicity reactivation would have to be discarded or at least be sub­
jected to a major revision. 
The deviations from the Poisson distribution of phage among the 
bacteria due to the presence of long filamentous bacterial cells was sug­
gested as the reason for the failure of the recombination theory to explain 
multiplicity reactivation satisfactorily (17). More recently, however, 
(18) this was checked experimentally by performing multiplicity reacti­
vation experiments upon cells remaining after the long filamentous cells 
had been removed. The results of these experiments were similar to 
those of Dulbecco and indicated that the presence of the long filamentous 
cells had not been responsible for the failure of the recombination theory. 
Instead, another hypothesis has been suggested: if it is assumed that about 
60of the damage due to UV irradiation is completely reactivable, but 
40% is much less reactivable--not at all in the straight line portion of 
the curve, the recombination theory satisfies the requirements for ex-
_ 7  plaining multiplicity reactivation for survivals down to 10 . It has been 
found recently (19) that under proper conditions reactivation also takes 
place in after inactivation with ionizing radiations with an efficiency 
comparable to that found after UV inactivation. Since the action of ioniz­
ing radiations is quite different from that of UV, such a discovery lends 
strong support to a replacement hypothesis. 
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Review of Literature on Photoreactivation 
The phenomenon of photoreactivation was first discovered in connec­
tion with Streptomyces griseus conidia by Kelner (20) but was discovered 
accidentally a little later in bacteriophage by Dulbecco (21). Part of the 
inactivation caused by the ultraviolet light is reversed by exposure to 
longer wave length radiation after the phage have become adsorbed to 
sensitive host bacteria. After a thorough description of photoreactivation 
by Dulbecco (22), studies of the kinetics of photoreactivation were made by 
Bowen (23, 24) with 
Brief Review of Literature on the Synthesis 
of Phage DNA 
After infection of a bacterium by a bacteriophage, protein synthesis 
continues, the synthesis of RNA is stopped, and the synthesis of DNA 
for new bacteriophage is begun (25). Even the adsorption of UV irradi­
ated T2r+ is found to inhibit RNA synthesis (26). The synthesis of the 
new DNA may be followed to a certain extent by an assay for the total 
DNA. One of the pyrimidine bases, cytosine, which had been found 
present in all DNA's, was found to be absent in bacteriophage (27) 
and later in the other T even phages, although it was present in host cell 
DNA. Wyatt and Cohen (28) found a new base, hydroxymethyl cytosine, 
to be present in the DNA's of these phages. Hershey and his coworkers 
later used this fact in a study of Phage precursor nucleic acid (2). 
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Many infected cultures were used. Each was stopped at a particular 
time after phage infection and the amounts of phage DNA and bacterial DNA 
were estimated by separating the bases cytosine and hydroxymethyl 
cytosine on 2 dimensional paper chromatograms following isolation and 
acid hydrolysis of the DNA. Since each point on the curves for bacterial 
DNA and phage DNA versus time was from a separate culture, the points 
for a given time after infection varied widely, but averages of the points 
showed a gradual decrease in bacterial DNA over a period of 30 minutes 
and an increase in T2 DNA after a short lag period. 
Another new base was discovered by Sinsheimer (29) in the DNA from 
T2*'+' By means of ion exchange chromatography, a double pealc was found 
where the component hydroxymethyl cytidylic acid was expected to produce 
a single one. Upon further investigation it was found that one of the peaks 
was due to hydroxymethyl cytidylic acid while the other one was due to 
a glucose substituted hydroxymethyl cytidylic acid. The glucose molecule 
is probably attached in the hydroxymethyl part of the base. 
Review of Literature on the Use of Chloramphenicol 
and 5-Methyl Tryptophane with Phage 
Several years ago 5-methyl tryptophane was found to exhibit bacterio­
static effects which could be blocked by tryptophane (30). It was found to 
inhibit T2 or T^ multiplication in bacteria without affecting oxygen con­
sumption, but this inhibitory effect was reversed on addition of trypto­
phane (31). Fildes and Rydon (32) found that 5-methyl tryptophane is 
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inhibitory because it competes with tryptophane at sites of protein syn­
thesis. 
More recently, a concentration of 60 jig per ml. of chloramphenicol, 
an antibiotic, was found (33) to suppress growth and protein synthesis 
without inhibiting either RNA or DNA synthesis in Escherichia coli (E. 
coli). Since one can postulate that induced biosynthesis of enzymes neces­
sary for hydroxymethyl cytosine synthesis follows virus infection, Rosen­
baum et. al. (34) attempted to determine whether chloramphenicol blocks 
the development of phage DNA in infected E. coli cells thus indicating 
a need for protein synthesis. They concluded that the virus carries the 
necessary enzymes for HMC synthesis or that they are already present 
in the cell, since they found some phage DNA synthesis after adding 
chloramphenicol before or with the infecting phage. Tomizawa and 
Sunakawa (35) found no DNA synthesis if chloramphenicol was added from 
0-2 minutes and concluded that the reason for the results of Rosenbaum 
et al. , was that the low concentration of the antibiotic used by these 
authors was inadequate to inhibit protein synthesis. 
Conversely, when Tomizawa and Sunakawa added chloramphenicol 
after phage DNA synthesis had begun, this DNA synthesis was not stopped 
but continued at a constant rate--the rate of synthesis at the time the 
chloramphenicol was added. Burton (36) working with 5-methyl tryto-
phane found similar results; the addition of 5-methyl tryptophane at 
phage infection prevented any phage DNA synthesis, whereas the addition 
of 5-methyl tryptophane at some later time after the DNA synthesis had 
begun, served only to keep the rate of synthesis then present from in­
creasing. 
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MATERIALS, APPARATUS, AND METHODS 
Preparation of Phage Stocks 
In performing experiments in which bacteria are infected with phage 
at phage to bacteria ratios in the range of 3 to 8, especially in one or two 
liter amounts of bacteria at concentrations of approximately 10^ bacteria 
per milliliter, sizeable quantities of phage at fairly high concentrations 
are required. In order to have the phage available it is best to grow a 
few hundred milliliters of phage at one time in as high a concentration 
as possible. 
Since it had been shown in previous experiments in our laboratory (37) 
that high titers of phage could be achieved from phage infected bacteria 
grown in Fraser medium, this medium was almost always used in pro­
ducing phage for stocks in this set of experiments. The formula for 
Fraser medium will be given along with others in the next section. 
The Fraser medium is autoclaved in the flask which is to be used for 
growing the bacteria and phage. The E. coli B, which is the host cell for 
the phage used in these experiments, is aseptically added to the medium 
7 
at a final concentration of approximately 10 "bacteria per milliliter. 
Aeration is provided while the flasks ar? kept at a temperature of 37° C. 
g 
When the concentration of the E. coli B reaches approximately 2 x 10 
bacteria per milliliter, the phage are added to a final concentration of 
10 
g 
2 X 10 phage per milliliter. In this way only about one tenth of the bacter­
ia are initially infected. At the end of the first latent period when the 
first burst takes place enough phage are released so that each of the re­
maining bacteria is multiply infected (or infected with two or more phage 
particles). Since the phage used are of the r+ type, lysis inhibition is 
exhibited and the complete lysis of the cells is not observed until six to 
ten hours after infection. If Dow-Corning antifoam A is added to control 
foaming, complete lysis maybe delayed until twelve to sixteen hours. 
Aeration is stopped and the flasks removed from the constant temperature 
baths when lysis is essentially complete. 
The lysate is stored in the cold room briefly until the phage can be 
cleaned up and concentrated for use as stocks. Differential centrifugation 
is used for cleaning the phage. The first centrifigation of the raw lysate 
is a low speed run in order to spin out bacterial debris. The angle centri­
fuge run at speeds of four to six thousand revolutions per minute is suffi­
cient for this procedure. After centrifugation the supernatant is poured 
off and kept for a high speed centrifugation. The sediment is resuspended 
in phage buffer (described in the next section) and spun at low speed again. 
The supernatant is poured off and combined with the supernatant of the 
previous run while the sediment is discarded. 
During centrifugation an effort is made to keep the centrifuge tubes as 
sterile as possible. The purpose of the next centrifugation procedure is 
to spin down the phage particles themselves discarding anything smaller 
with the supernatant. Ten or twelve thousand revolutions per minute is 
satisfactory for this operation. The supernatant is poured off and 
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discarded. Two or three mla. of phage buffer are added slowly to the 
slanting inside edge of each centrifuge tube, the tube is swirled lightly 
rinsing the pellet and the liquid is poured off and put with other batches 
of phage which have not been centrifuged at 10, 000 - 12, 000 r.p.m. To 
each tube, which contains a pellet of sediiziented phage, six mis. of phage 
buffer are added. The tubes are left to stand in the cold room for two or 
three hours which tends to resuspend the phage to a certain degree, and 
then a stirring rod is used to disperse the phage into a homogenous sus­
pension. The contents of the tubes are pooled in a sterile flask, mixed 
thoroughly and then centrifuged once more at the lower speed. The super-
natants are pooled in a sterile flask and constitute a homogeneous phage 
stock of usually 4 - 9 x 10^^ phage per ml. 
After a phage stock is used for several days the turbidity of the sus­
pension may begin to noticeably increase in spite of the fact that it is 
stored in the cold room. For this reason stocks of phage are grown only 
in large enough quantities to provide sufficient innocula for a two to four 
week period. They are replaced before this time should it become neces­
sary. 
In a method used earlier in cleaning phage for stocks, the phage are 
given a second centrifugation at 10,000 - 12, 000 r.p.m. These are re-
suspended in buffer and used for stocks, but it is very difficult to get a 
good homogeneous suspension of phage the second time. In the process 
of re suspending the phage many are broken and the released DNA makes 
the suspension very viscous and non-homogeneous. 
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Preparation of Media 
The media used in these experiments are, with few exceptions, media 
commonly used in the culture of bacteria. The liquid media used for 
bottle cultures are tryptone broth, Fraser medium, and a salts-glucose 
medium known as M-9 medium. In a few cases there are modifications 
of the basic formulas which will be indicated in the instances these are 
used. In addition to these is the buffer which is used in serial dilution 
techniques as well as in resuspending phage for phage stocks. The 
formulas used in making up these media are listed below. 
Tryptone broth 
lO.Ogms. Bacto-tryptone 
5. 0 gms. Na CI 
1.0 liter Distilled water 
Fraser medium 
4.5 gms. KH2P0^ (anhydrous) 
10.5 gms. NA2H (anhydrous) 
3.0 gms. NH4CI 
0.3 gms. MgSO^. 7H2O 
30. 0 gms. Glycerine (24 mis.) 
0.3 mis. 1 M. CaCl^ 
15.0 gms. Casamino acids (Difco) 
3.0 mis. 1% gelatin 
1. 0 liter Distilled water 
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M - 9 medium 
3. 0 gms. 
6. 0 gms. 
0. 5 gms. 
1. 0 gm s. 
0. 2 gms. 
4. 0 gms. 
1. 0 ml. 
1. 0 liter 
Phage buffer 
KH2P0^ (anliydrous) 
Na2HPO^ (anhydrous) 
NaCl 
NH^Gl 
7 H 2 O  MgSO^ 
Sterile 10% glucose (added after autoclaving) 
1% gelatin 
Distilled water 
3. 0 gms. 
7. 0 gms. 
4. 0 gms. 
0. 2 gms. 
10. 0 mis. 
1.0 liter 
KH^PO^ (anhydrous) 
Na2HPO^ (anhydrous) 
NaCl 
MgSO^ 
1% gelatin 
Distilled water 
The agar solution poured as a bottom layer into Petri dishes for assay 
purposes with both bacteria and phage, and the softer top layer used also 
in this connection, are made up in preparation for many of the experi­
ments. The bottom agar used contains tryptone and glucose and is known 
as T-G bottom agar. 
T-G bottom agar 
11.5 gms. 
10.0 gms. 
8. 0 gms. 
Bacto-agar 
Bacto-tryptone 
NaCl 
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1. 5 mis. 1 N . NaOH 
10.0 mis. 
1. 0 liter 
Sterile 10% glucose (added after autoclaving) 
Distilled water 
Top agar 
1.5 gms. Bacto-tryptone 
1.05 gms. Bacto-agar 
0. 75 gms. NaCl 
150. 0 mis. Distilled water 
In experiments where it is desired to know the average number of 
whole phage per bacterial cell at a particular time, even previous to 
the lysis of the bacteria, it is useful to artificially lyse the cells by 
placing an aliquot of the suspension in a lysing medium. The formula 
for this medium follows. 
Lysing solution 
Further details on the use of this medium will be given when experi­
ments which make use of it are described in a later section. 
The bacteria and phage used in these experiments are grown in pyrex 
glass tubes, flasks, or bottles, with the volume of material needed de­
termining which of the three types of containers are employed. The tubes 
. 195 gms. KCN 
10.0 mis. Chloroform 
290. 0 mis. Phage buffer 
Culture Tubes, Flasks and Bottles 
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used are large, rimless test tubes of approximately 50 mis. capacity, 
whereas the flasks used are 300 or 500 ml. Erlenmeyer flasks. Both 
two-liter and four-liter bottles are used in various large-scale experi­
ments. In the test tubes a piece of glass tubing drawn down to a small 
opening at the bottom end is inserted through the cotton plug at the top. 
This provides a means of bubbling air at low pressure through the cul­
ture. In the culture bottles rubber stoppers are used. Air is supplied 
through a tube with a coarse sintered glass cylinder at the bottom. A 
straight tube with a cotton plug also is inserted through the stopper as 
well as an L-shaped piece of tubing. The former is used when adding 
or removing samples while the latter acts as an exhaust tube for the out­
going air. The culture flasks are provided with cotton plugs with tubes 
extending through. In the smaller flasks the same provision made for 
aeration as is made for the test tubes is sufficient, whereas in the 
larger flasks the three tubes as described in connection with the bottles 
are used. 
An overni^t culture of E. coli B., grown in an aeration tube in a 
37° C. constant temperature bath, serves as an inocvilum for the cul­
ture tubes, bottles, and flasks used in each of the experiments. Colonies 
of E. coli B. on slants stored in the refrigerator serve as inocula for 
the overnight cultures. 
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Ultraviolet Irradiation 
Irradiation of the phage is provided by two 8-watt G.E. germicidal 
lamps mounted 50 cm. above the top of the sample being irradiated. 
The phage are exposed to the ultraviolet light in 10 ml. amounts in the 
bottom of a Petri dish at concentrations of 5 x 10^^ phage per ml. or 
less. T2 r+ phage exposed to the radiation in this manner have a sur­
vival of approximately 0. 003 when the time of exposure is in the neighbor­
hood of 35 seconds. 
Sample Extraction Apparatus 
Since most of the experiments in this group involve measurements as 
a function of time after infection of the bacteria by the phage, it is neces­
sary to have apparatus available to withdraw samples from the cultures 
after specific intervals of time. The requirements are that the samples 
must be withdrawn quickly and that the volume must be measured quite 
accurately, 
0. 1, 1.0, and 5. 0 ml. pipettes serve quite adequately in instances 
where no larger quantities than these are required. 
In two of the experiments, samples 120 mis. in volume are extracted 
each time. In this case a long test tube with a side-arm attached and 
having a diameter of 5. 0 cm. is used to collect the samples. A scratch, 
drawn on the tube at the meniscus of a known volume of 120 mis., serves 
to indicate the desired volume. The side-arm is attached to a water 
aspirator with a trap in the line between. A glass Y is also inserted in 
this line with two of the three connections in the line as indicated. When 
the desired volume has been reached, a pinch clamp on a small piece of 
rubber tubing fastened to the third arm of the Y is opened. This serves 
to shut off the flow of sample by releasing the vacuum. A glass tube in­
serted through a rubber stopper in the top of the collecting tube is con­
nected through a flexible tube to a long piece of glass tubing which Is 
Inserted into the desired culture bottle. The adjustment of the flow of 
water through the aspirator acts to control the rate of extraction of the 
sample. 
With this apparatus samples maybe extracted within 20 to 30 seconds 
The samples are poured quickly into 0. 1 volume of 3. 0 M. trichloro­
acetic acid (T.G. A. ) which stops all biological activity, and the time of 
the contact of the sample with the T. C. A. Is Indicated as the time for 
the particular sample Involved. 
Drying Apparatus 
In two steps In the procedure for preparing samples for paper electro 
phoresis It Is necessary to evaporate or concentrate the material to 
dryness. The drying apparatus used consists of an air heater, designed 
to raise the temperature of the air to 65° C. and two glass manifolds 
containing 10 glass jets apiece, which are the proper distance apart to 
fit Into ten test tubes In two rows In a standard wire test tube rack. The 
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heater is connected to the manifolds through a Y. 
The heater is made by winding a helical coil of "advance" wire of the 
proper gauge and length around a piece of glass tubing. Asbestos paper 
Is used to cover the outside of the heater. A previously calculated A. C. 
potential is provided across the coll for a particular air flow rate. 
In operation, the tubes with the samples being dried are placed in a 
65° C. constant temperature bath. Air is supplied to the heater by a 
high pressure air line. 
Estimation of Total DNA 
In estimating the total amount of DNA In a sample a modification of 
the Dlsche dlphenylamlne test (26) Is used. The reagent consists of 1 ml. 
of dlphenylamlne reagent dissolved In 98 mis. of glacial acetic acid 
with 2 mis. of concentrated H2SO^ added. 
To the cold 5% T.C.A. precipitate In a small test tube Is added 1 ml. 
of distilled water. 2, 5 mis. of the reagent solution are added and the 
tubes are heated In a boiling water bath for 9 minutes. After the solu­
tions are cooled, each Is added tc a spectrophotometer cuvette and the 
optical density at 600 mji (D^QQ) is read against water. One ml. samples 
of blanks and standards are heated along with the unknowns after the 
addition of 2.5 mis. of reagent solution to each. The blanks are simply 
1 ml. of distilled water; the standards are prepared by adding 200\'s 
of a thymus DNA solution of 0. 625 mg. per ml. to 0. 8 ml. of distilled 
water. The average D^QQ of the blanks Is subtracted from each of the 
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sample and standard readings and the corrected readings of the 
samples compared with those of the corrected standards. The thymus 
DNA is a secondary standard which has been compared in a Dische di-
phenylamine test with a phage DNA of known phosphorus content. The 
thymus DNA solution, stored in the cold room, is very stable over long 
periods of time. 
Assay of Bacteria and Bacteriophage 
It is not necessary to mention in detail the steps used in assaying 
bacteria and phage cultures since the standard procedures used in this 
field are used. The agar layer technique as outlined in Adams (38) is 
used for assaying both phage and bacteria. 
Paper Electrophoresis 
j 
As stated in the Introduction, Teven phage DNA differs from E. coli 
' B. DNA in that there is no cytosine in the DNA of T^, T^, and T^ phage 
F", The DNA of these phage does contain hydroxymethyl cytosine, however. 
^ In the E. coli B. DNA cytosine appears as one of the bases but no 
I  
hydroxymethyl cytosine is found. This makes it possible to assay for 
, 1  
;the phage DNA and the bacterial DNA separately in a system containing 
ioth of these nucleic acids by assaying for cytosine and hydroxymethyl 
cytosine. 
In one method it is first necessary to isolate the DNA mixture, then 
to hydrolyze the DNA to its purine and pyrimidine bases, and finally to 
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separate the bases and assay for the amounts of cytosine and hydroxymethyl 
cytosine present (2). One method for separating these two bases prepara­
tory to assaying them is by means of paper electrophoresis. This method 
lends itself especially well to small amounts of material. 
If the bases cytosine and hydroxymethyl cytosine as well as thymine, 
adenine, and guanine are placed in a buffered solution at a pH in the range 
of three to five, the degree of dissociation of each amino group on each 
of the bases may be different (except for T which has no amino group). 
When an electric field is applied to this solution the bases, except for T, 
will migrate with different velocities in the same direction. This migra­
tion will be toward the negative electrode since in this pH range the amino 
group will become positively charged by the addition of a proton. 
According to simple electrophoretic theory a solute of effective 
charge Q will have a force acting on it equal to Q x which will be 
opposed by a frictional force equal to f x dx/dt where f is the frictional 
coefficient and dx/dt is the velocity of migration i. e. F = Q = 
f dx/dt. The electrophoretic mobility U is defined as the velocity per 
unit potential gradient, or 
dx 
TT _ "3F" _ Q 
^ r~ • 
BiT 
The frictional coefficient f is proportional to the average cross sectional 
area A which the solute particle presents as it migrates through the 
• Hereafter the bases cytosine and hydroxymethyl cytosine, thymine, 
adenine and guanine will be abbreviated as C, HMC, T, A and G res­
pectively. 
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solvent. Since A is proportional to r which is in turn proportional to 
2/3 V t where V is the volume, and since for constant density V is 
2/3 proportional to the mass M, f will be roughly proportional to M . 
The problem was to find a pH at which the electrophoretic mobility 
is different for each of the bases mentioned and especially to separate 
the C and HMC from the other bases. In case the effective charge 
happens to be nearly the same for cytosine and for hydroxymethyl cyto-
since the f value for the two bases would have to be different. Since 
the molecular weight of cytosine is 111, and that of hydroxymethyl 
cystosine is 141, the ratio of these each to the two-thirds power gives 
0. 85 for the ratio of f for C to f for HMC, and HMC should move 
0. 85 times as far as C in a given time. 
Preliminary experiments to establish procedure 
A solution of tris (hydroxymethyl) aminomethane-formic acid 
buffer at pH 3. 41 and 2. 0 M. in formate was first made up to use as 
the buffer stock solution in a paper electrophoresis experiment with 
these bases, since at this pH the amino groups of the bases should all be 
ionized. Succeeding experiments proved this to be a satisfactory buffer. 
After experimentation with dilutions of the concentrated buffer stock, 
0. 1 M. in formate of tris formate buffer was found to give little trailing 
of solute bands without excessive current. 
Tris (hydroxymethyl) aminomethane formic acid buffer will be 
abbreviated to tris formate buffer. 
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Two preliminary experin ents were done; one with C and HMC, the 
other with HMC and a C, Ti A, G mixture. These will be described 
in some detail in the order listed. 
Solutions of C (1.85 mg/ml) and HMC (2 mg/ml) were first made up 
and 20 X samples of each were spotted, a small amount at a time, on a 
•'fi piece of electrophoresis paper in two spots, each 10 cms. from one 
end. The spots were air dried between applications and in this way their 
size was kept to approximately 6 mm. in diameter. The paper was then 
wet gradually with buffer applied by means of a 5 ml. pipette, and then 
placed in the electrophoresis apparatus' A potential was then applied 
between the two electrodes for a given period of time. This procedure 
was repeated for other potentials and other times. At the end of the 
selected time the potential was turned off and the papers taken off and 
air dried. In order to locate the new positions of the migrated bases, 
the papers were observed under a portable UV lamp which emitted 
o 
primarily radiation of 2537 A wave length, where the bases quench 
the fluorescence of the paper. 
In these experiments with C and HMC, it was found that there was 
not so much trailing of the bands at 1000 V. as for lower voltages. At 
1000 volts, the C band moved approximately 29 cm. from its original 
^ The paper used was 2 1/2" x 18 1/4" Whatman 3 MM filter paper. 
' T* ^ 
' A commercial model manufactured by the E-C apparatus company. 
(The apparatus itself consists essentially of two electrodes, one in the 
bottom of each of the two buffer compartments, an arrangement for bring­
ing the liquid to the same level in the compartments, a cooling coil above 
and one below the paper which are connected to a cold water supply to 
conduct heat away, and a power supply with a variable output of from 
0 to 1000 volts D. C.) 
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position in 2 1/4 hours. When correction was made for the endo-osmotic 
effect (an unionized base moved 6 cm. also toward the cathode), the 
ratio of the distance the HMC band moved to that which C moved was 
found to be 0. 82. It was possible, then, to cut these bands out from 
the paper without overlap between the two. Figure 1 indicates the migra­
tion of the C and HMC bands on the paper with reference to the points of 
addition of the sample, and indicates the relative sizes of the spots. 
In the next experiments a 20 X sample of a mixture of the free bases 
C, T» A, and G, from the acid hydrolysis of a sample of thymus DNA 
was added to an electrophoresis paper by streaking a narrow band across 
the paper 10 cm. from one end. This was done in two strokes with air 
drying after each. A 20 \ sample of the HMC solution was then streaked 
on directly over the other sample in the same manner. Other papers 
were prepared in a manner similar to this and the papers were run in the 
electrophoresis apparatus at various voltages and for varying lengths 
of time. 
Under the same conditions which produced best results previously 
in the C and HMC experiments, (1000 V. for 2 1/4 hours) it was found 
that not only were the T, G, and A band separated from the C and HMC 
bands, but they were also separated from each other. Figure 2 illus­
trates a paper which was run under these conditions. 
The next experiments involved eluting the bases from the papers and 
checking on the recovery in terms of the amounts of bases added. Before 
this could be done, however, it was necessary to get UV absorption 
spectra of known quantities of C and HMC in the solution used to elute 
the bases from the papers. 
Figure 1. Diagram of electrophoresis paper showing 
electrophoretic migration of cytosine (C) 
and hydroxymethylcytoslne (HMC) 
C " 
HMC" 
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Figure 2. Diagram of electrophoresis paper showing 
electrophoretic migration of cytosine (C), 
hydroxymethylcytosine (HMC)i thymine (T)» 
adenine (A), and guanine (G) 
u \y 
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The solution used for elution of the bases from the papers was am­
monium acetate buffer which was 0. 1 M. in acetate at a pH of 4. 3. Twenty 
\ samples of the C and HMC solutions mentioned previously were each 
added to 3. 0 ml. quantities of this buffer in a pair of quartz cuvettes and 
the UV spectrum of each of these samples was read against the ammonium 
acetate buffer. The cell corrections were read at each wave length and 
subtracted from the previous readings to give corrected optical densities. 
Typical results are given in Table 1. 
Table 1. Optical densities at various wavelengths for 
cy to sine and hydroxymethyl cy to sine 
Wavelength in m^ 240 250 260 270 280 290 300 
D for cytosine . 299 .399 .692 .944 .824 .367 . 036 
Dfor hydroxymethyl 
cytosine .297 .279 .414 .589 .575 .319 .080 
Highest density for C . 956 at 272 mn 
Highest density for HMC .615 at 274. 5 mn 
The D readings are for 20 X samples of the indicated solutions added 
to 3. 0 ml. of 0. 1 M. ammonium acetate buffer at pH 4. 3 
In a manner similar to that just described with solutions of C and HMC 
of known concentration, the molecular extinction coefficients of the two 
bases at 260 rop, was found. For C, ®260 ~ mole cm 
and for HMC, ®260 " mole cm same pH. 
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In order to test for recovery of the bases from the paper after an 
electrophoresis run, 20 X. samples of C and HMC were streaked on papers 
in the manner indicated previously and run at 1000 V. for 2 1/4 hours. 
After the bands had been located by means of the UV lamp, they were cut 
out in rectangular pieces whose areas were measured. Samples of 
paper in rectangular pieces adjacent to the bands were cut for paper 
blanks. The papers were rolled up and placed in small test tubes and 
3. 0 mis. of 0. 1 M. ammonium acetate buffer at H 4. 3 was added to each 
tube. After the tubes had stood for 8 to 12 hours, the liquids were poured 
off into spectrophotometer cuvettes and the optical densities were read 
at several wave lengths against the same ammonium acetate buffer as 
used for eluting. The optical densities of the papers per square centi­
meter were determined. The C and HMC samples were then corrected 
on an area basis for absorption due to the paper alone. These readings 
were compared with readings similar to those in Table 1 for 20 \ samples 
of C and HMC added directly to 3. 0 mis. of the 0. 1 M. ammonium 
acetate buffer pH 4. 3. 
Results indicated recoveries in these experiments to be 90 - 95%. 
Similar experiments with HMC and an acid hydrolysate of thymus DNA 
showed HMC recoverable from the paper in this case to be approxi­
mately 85%, In working with the C and HMC bases, it was found useful 
to check some of the ratios of optical densities at different wave lengths. 
Z80 Z70 Z70 Those used particularly were the ^5^ ' zM ' ratios. Typical 
values of these ratios for the bases in 0. 1 M. ammonium acetate buffer 
at a pH of 4. 3 are given in Table 2. 
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Table 2. Optical density ratios for C and HMC 
Optical density ratios ^280 
(wavelengths in m|x.) ^260 
Cytosine 1. 19 1. 14 1,36 
Hydroxymethyl Cytosine 1.39 1. 03 1.41 
The correction necessary due to the UV absorbing inaterials eluted 
from the blank paper has been indicated previously. This correction is 
adequate for the cases where the pure bases C and HMC are added to the 
papers. In cases where the acid hydrolysate of DNA is streaked on the 
electrophoresis paper and run under the established conditions of 1000 V. 
for 2 1/4 hours, there is some additional dirt which is eluted from the 
papers which is evident in regions between bands. This dirt decreases 
in amount from the point of application of the material in the direction 
of motion of the bases. It is necessary, therefore, to make corrections 
on the basis of a blanlc cut from the end of the paper beyond the C band 
which is then modified according to position of the band under considera­
tion on the paper. The correction for C, therefore, is always less than 
that for HMC due to the fact that there is less dirt at this location than 
at the location of the HMC band. Asa final check on the validity of the 
^280 ^270 
correction, the ratios of the corrected optical densities _ , ^ , 
D270 260 ^280 
and _ are calculated and the values compared with those given in 
^260 
Table 2. In most cases, the agreement is very close. In a few instances. 
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however, the comparison indicates a larger correction to be necessary. 
There is bound to be some variation in the amount of dirt present in 
each of the samples streaked on the various papers. 
The general method used in estimating the amounts of phage DNA and 
bacterial DNA per bacterial cell as a function of time after multiple 
infection of E. coli B. with UV irradiated or unirradiated T2^^+ will be 
outlined in the paragraphs which follow. Specific details which differ 
from one experiment to the next will be discussed in connection with the 
experiments themselves in a later section. 
Procedure 
(1) Duplicate 2000 ml. cultures of E. coli B. are grown with aeration 
9 in M-9 medium to a concentration of approximately 1x10 bacteria 
per ml. in 4 liter bottles at 37° C. The cultures are mixed and 
then re separated into 2000 ml. amounts. 
(2) The phage inoculum (irradiated or unirradiated) is added at zero 
time. 
(3) 120 ml. samples of the infected cultures are withdrawn and trans­
ferred at specific times to 12 mis. of 50% (gms. per 100 mis.) cold 
T. C. A. plus 0. 4 mis. of 1% serum albumin and chilled for at 
least 15 minutes. (The procedure is based on the methods of 
Hershey, Dixon, and Chase (2), Schneider (39), Schmidt and 
Thannhauser (40), and Schneider (41). 
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(4) From each flask in step 3, 5 ml. samples are withdrawn and 
centrifuged for 10 min. at 5,000 r.p.m. ; the supernatants are 
poured off and discarded. To the precipitate is added 1 ml. of 
distilled water. These tubes are then used in determinations of 
total DNA (both bactei ial and phage) by means of the Dische 
diphenylamine test. 
(5) Each sample (127 ml. now) is divided into three parts containing 
approximately 42 ml. each and centrifuged for 10 min. at 
5,000 r.p.m. Aliquots of each supernatant are kept for further 
check and the remainder of the supernatants, which contains 
the acid soluble fraction, are discarded. The 3 precipitates 
forming parts of the original sample withdrawn are washed into 
a single glass centrifuge tube with very small quantities of 
water. Five ml. of cold 0. 3 M TCA are added and the acid in­
soluble material is reprecipitated with centrifugation under the 
same conditions as before. The supernatant is poured off and 
discarded. 
(6) The precipitate is dissolved in 5 ml. of 1. ON. NaOH added to 
each tube and the tubes are heated for 18 hours at 37° C. This 
procedure depolymerizes any ribonucleic acid (RNA) present by 
alkaline hydrolysis. 
(7) After the tubes have cooled in ice water, 0. 833 mis. of cold 
6N. HCLi plus 0. 59 ml. of cold 3. 0 M. TCA are added to each 
tube. The tubes are allowed to stand in ice water for 15 minutes 
the tubes are then centrifuged for 10 min. at 5,000 r.p.m. and 
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the supernatants poured off and discarded. Five ml. of 0. 3 M. 
TCA is added to each precipitate, and the precipitates are re-
precipitated under conditions similar to those mentioned pre­
viously. The supernatants are again poured off and discarded. 
(8) To each precipitate is added 5 ml. of 0. 3 M. TCA. The tubes 
are then heated at 90°C with frequent stirring, for 15 minutes. 
This process is supposed to dissolve out the DNA. Therefore 
after the tubes are cooled the tubes are centrifuged at 5,000 
r.p.m. for 10 minutes and the supernatants are poured off into 
labelled tubes and saved. Five ml. of 0. 3 M. TCA is added to 
the precipitate which, after stirring to wash, is reprecipitated 
with a repeat centrifugation. The supernatants are added to the 
previous corresponding supernatants. The precipitates, which 
consist primarily of protein material, are discarded. 
(9) An aliquot of each of the above supernatants is withdrawn and 
used for a Dische diphenylamine estimation of the DNA present 
at this point. By comparing these figures with those gained in 
step 4 of the procedure a measure of recovery of total DNA up 
to this point is had. 
(10) Each of the tubes containing solutions of DNA is heated for one 
hour at 100°C to help decompose the remaining TCA. After this, 
the drying apparatus, mentioned in one of the previous sections, 
is used to evaporate the material to dryness. 
(11) Three ml. of 6n. HCl is added to each of the tubes to dissolve 
the dried material, and the tubes are heated for 3 hours at lOO^C 
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in a boiling water bath. This hydrolyzes the depolymerized phage 
and bacterial DNA mixture to the five bases C, HMC, T, A, and 
G (2). 
(12) The drying apparatus is used once again to evaporate the materials 
to dryness. 
(13) One hundred XJs of 0. IN- HCl is used to dissolve the dried mater­
ials in each of the tubes. 
(14) The entire sample from step 13 is added to an electrophoresis 
paper 10 cm. from one end by several streaks with a 25 Xmicropi-
pette. The paper is then wet with 0. 1 M. tris formate buffer at 
pH 3. 4 and placed in the electrophoresis apparatus containing the 
same buffer in its compartments. 
(15) One thousand V. is applied across the paper for 2 1/4 hours. 
Actually 3 to 6 papers are run simultaneously. 
(16) The papers are removed from the apparatus and air dried. The 
bands are located in a dark room with the aid of a portable UV lamp 
and the boundaries of the bands are marked lightly with a pencil. 
(17) The distance from the origin to the center of each band is meas­
ured. The bands are cut out in rectangular pieces and each 
dimension is measured for a determination of the area. A rec­
tangular strip is cut out also in a region just ahead of the band 
which is farthest from the origin. This piece, whose area is also 
determined, is used as a blank in determination of the UV absorp­
tion of the eluted bases. 
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(18) The papers are rolled up with forceps and placed in sxnall test 
tubes. Three mis. of 0. 1 M. ammonium acetate buffer at pH 4. 3 
is added to each of the tubes. These are left to stand overnight or 
for 8 hours. 
(19) The solutions which contain the eluted bases, are then poured into 
spectrophotometer cuvettes and the optical densities are read in 
the spectrophotometer against the eluting buffer at wavelengths 
spaced 10 m | J i , .  apart from 300 to 240 m|ji. Cell corrections are 
subtracted from these readings. (In most instances, the optical 
densities of the T, A, and G bands were not read. ) 
(20) The optical density readings for C, and HMC are corrected for 
absorption due to blank paper and dirt by the method indicated 
previously. 
(21) In order to get a measure of the concentration of the bases, C and 
HMC, the corrected optical density readings at 260 mji are divided 
-4 by the corresponding extinction coefficients x 10 at 260 mji. 
After multiplying by the number of milliliters of eluate the data 
7 is in the form of moles of C and HMC per sample x 10 . 
(22) Since one-fourth of the bases in E. coli B. DNA is C whereas one-
sixth of the bases in T2r+ + DNA is HMC it is next necessary 
to multiply the final results in step 21 by 4 in the case of C and by 
6 in the case of HMC in order to get a measure of the number of 
7 
moles of DNA - P per sample x 10 for the bacterial DNA and 
phage DNA. 
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7 (23) The moles of bacterial DNA - P x 10 from step 22 are now di­
vided by 0. 62 (this point will be discussed in a later section) and 
the total moles of DNA-P for a particular sample are arrived at 
by addition. 
(24) Were it not for the fact that there are rather wide variations in 
the recoveries of total DNA for various samples in steps 5 to 
8 as is obvious by a comparison of the results of the Dische di-
phenylamine test before and after these procedures, one could 
convert these values themselves to suitable units and plot them 
directly. Since the recoveries do vary considerably from sample 
to sample in this step and also in later procedures, it is prefer­
able to find the fractions of the total DNA-P which are due to 
bacterial DNA-P and those which are due to phage DNA-P from 
steps 22 and 23. These are then mtiltiplied by the original total 
moles of DNA-P as indicated by the diphenylamine test in step 4 
and converted to the desired units for plotting against the time 
after infection that the sample was withdrawn. 
The unit chosen in which to express quantity of DNA is that used by 
Hershey (2) which is phage units per bacterium. The amount of DNA 
equivalent to one phage unit must be determined. Since the standard used 
in the diphenylamine test for DNA was a secondary standard, a solution 
of calf thymus DNA, it was necessary to standardize it against a primary 
standard, a solution of T^r+ phage DNA of known phosphorus content, 
by means of the diphenylamine test. The optical densities at 600 mn 
read in the experiments in this test are then easily converted to moles of 
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DNA-P per sample. At the same time the secondary standard was com­
pared with the primary standard in the diphenylamine test for DNA, a com­
parison was also made by the diphenylamine test on the acid insoluble 
fraction of a T2J^+ phage stock which had been assayed for active phage. 
In this way the amount of DNA-P per phage was determined. There are 
two factors which make this figure difficult to determine accurately: 
first, the assay procedure for the phage is subject to the usual statistical 
probable error and yields somewhat different values for each assay even 
of the same stock, and second, some of the phage are inactivated in the 
cleaning of the phage in the preparation of stocks which would tend to 
make the apparent amount of DNA-P per phage particle too high. An 
estimation of this inactivation may be found by comparing the DNA con­
tent of the phage suspension and its assay at an earlier step in the phage 
cleaning procedure with these quantities in the final phage stock. 
The value for one phage unit is estimated to be 2. 3 x 10-11 fig 
DNA-P, for the particular strain of "^2^^+ used in these experiments, after 
several estimations with the preceding factors taken into consideration. 
This conversion factor is used in expressing the amount of phage DNA 
and the amount of bacterial DNA (step 24) and is eventually plotted against 
time. 
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EXPERIMENTS WITH UV IRRADIATED 
AND UNIRRADIATED BACTERIOPHAGE 
Early Experiments 
In the early part of this work, one object of the experiments was to 
endeavor to determine, if possible, the effect of ultraviolet light upon 
the bacteriophage causing it to become inactivated. Cohen and Arbogast 
(42) had performed infection experiments with irradiated phage and had 
found an apparent block in the synthesis of DNA in E. coli B. infected 
with a multiple infection of UV irradiated T2^+« This indicated that a 
good starting point might be to isolate and study the acid soluble UV 
absorbing materials which, according to Cohen, continued to pile up 
even though the DNA synthesis was blocked for periods of time up to 
45 minutes after Infection. 
In attempting to perform experiments similar to th&s•^ of Cohsn, 
three modifications were made in his procedure. First, infection should 
be accomplished in a medium with a limited energy source. The source 
of energy could then be added to start things off all at once. This would 
S3rnchronize better the synthesis of phage materials in the cells. It 
would also make it more justifiable to asstime that the average number 
of phage particles actually infecting simultaneously a bacterium would be 
equal to the phage to bacteria ratio. Second, the irradiation with ultra­
violet light should be sufficient to inactivate the phage to a survival low 
enough that the fraction of bacteria infected with at least one active phage 
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particle would be very small. This fraction should be small enough so 
that any contribution to DNA synthesis by these bacteria could be neg­
lected. 
The third modification was to use T^rf (actually the tryptophane 
requiring mutant T^ 38^^^ which had been shown in previous experi­
ments in our laboratory (43) to be biochemically somewhat simpler 
than T2i'+ in the respect that each HMCi rather than only part of the 
HMC's, in the phage nucleic acid has a glucose molecule attached, 
probably in the hydroxymethyl group. 
One method used regularly for starting processes simultaneously 
after adsorption of the phage by the bacteria is to infect the bacteria 
with the phage in buffer solution and then to add to this an equal volume 
of twice concentrated nutrient materials at zero time. The bacteria are 
first grown in nutrient medium, precipitated by centrifugation, and re-
suspended in buffer preparatory to the adsorption process. M-9 
medixim is essentially a buffer with glucose added as its only energy 
source. With M-9 medium, it is possible, then, to add glucose after in­
fecting in the medium M-9 without glucose in order to start phage 
synthesis. By growing the bacteria originally in a medium which is 
essentially M-9 except that it has only a limiting amount of glucose, 
the cells exhaust the glucose supply and grow only to a limited concen­
tration. After this concentration remains constant for an hour or so, 
the medium can be considered to be essentially glucose free and the 
bacteria may be infected with phage. The glucose may then be added 
to start the processes. 
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The addition of 15.5 ml. of sterile 1 0 %  glucose to a 2 liter quantity 
(or approximately 0. 08% glucose) of M-9 without glucose was found to 
9 
allow E. coli B. to grow up to a concentration of about 1 x 10 cells per 
ml. This quantity of bacteria would make biochemical studies feasible. 
It was convenient to calibrate the spectrophotometer to read bacterial 
concentrations under these conditions. Samples were drawn from the 
culture at various times after the inoculum had been added. An aliquot 
of each was serially diluted and plated for bacterial colony count while 
the remainder was placed in a spectrophotometer cuvette and the optical 
density read at 500 mji. In this way the spectrophotometer was cali­
brated so that the progress of the increase of bacterial concentration 
might be followed by periodically checking the optical density of the 
solution at 500 mjj,. In Table 3 a rough calibration for the spectrophoto­
meter in terms of bacterial concentration is given for M-9. 
Table 3. Calibration of spectrophotometer 
for bacterial concentrations 
Concentration of E. coli B. ^500 
(bacteria per ml.) 
7. 5 X 10^ 0. 048 
9.4 X l o '  0. 064 
1. 63x 
CO 
o
 0 .  105 
2. 2 X 
CO 
o
 0 .  183 
5 . 6  X  10® 0. 354 
1. 2 X io9 0.540 
1. 52x 
o
 
1—t 0 .642 
The optical density at 500 mjo, of the M-9 medium alone is 0. 003. 
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Experiments with unirradiated phage 
Cohen's experiments, with the above mentioned modifications, were 
carried out with unirradiated T^r+. The bacteria were grown in M-9 
9 
with limiting glucose to a concentration of approximately ] x 10 bacteria 
per ml. where the concentration remained constant for about an hour 
before addition of the phage. The phage to bacteria ratios used were 
from 3 to 7. After allowing 10 minutes for phage adsorption sterile 
10% glucose was added to a final concentration of 0.4%. The time of 
addition of the glucose was indicated as zero time. Samples of the cul­
ture were withdrawn periodically. Aliquots of these samples were used 
for the diphenylamine test for total DNA while other aliquots were diluted 
and the optical densities read at 260 mji. 
In general, the results of these experiments resembled those of 
Cohen; the UV absorption increased with time and the total DNA increased 
with a short lag period at the beginning. Some difficulty was encountered 
in measuring the UV absorption of the samples. The concentration was 
too great to permit direct reading. When a dilution was made the devia­
tion of the points from the best smooth curve drawn through the points 
was very great. A large fraction of the apparent absorption was actually 
due to the radiation scattered out of the beam by the particles suspended 
in the diluted culture. This was clearly shown by a comparison of the 
apparent absorptions in buffer read against buffer with those for a dilution 
in glycerol read against glycerol. In the glycerol, where the index of 
refraction is higher, the apparent absorptions were much lower than the 
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corresponding readings in buffer. The fact that part of the apparent ab­
sorption is due to scattering is also indicated by the fact that when part 
of the cells lyse at the end of the first and second latent periods the ap­
parent absorption decreases. At these times the total UV absorbing 
substance is not decreasing whereas the scattering is decreasing due to 
the decrease in the number of the cells. The UV absorption measure­
ments were not in any event, completely satisfactory. 
Experiments with irradiated phage 
Several experiments similar to those just described were performed 
with UV irradiated phage. Phage with survivals from 0. 03 to 0. 003 were 
used. The total DNA, in each e3q)eriment, increased very little with 
time with the rate of increase approximately proportional to the phage 
survival. The UV absorption measurements followed the same general 
trend but were beset with the same difficulties as those in the case of 
the unirradiated phage. When the cultures were allowed to remain at 
37°C under aeration for 12 to 16 hours and an assay of the phage was 
made, the phage yield per bacterium was found to be very low. 
Discussion 
The results listed in the previous section were different than those 
of Cohen in similar experiments. They seemed to indicate that if 
multiplicity reactivation was taking place at all, it was taking place in a 
very small fraction of the cells. Experiments designed specifically to 
check for multiplicity reactivation under the conditions used in the 
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previous experiments were in order and were next performed. Along with 
these, experiments known to give multiplicity reactivation were set up 
for comparison, and several parameters were varied in an attempt to 
determine the conditions necessary for multiplicity reactivation to talce 
place. 
Tests for Multiplicity Reactivation 
Theory 
When a bacterial suspension is infected with phage at a given phage 
to bacteria ratio the distribution of the phage among the bacteria may 
be estimated by a Poisson distribution. In this way the fraction of the 
cells containing no adsorbed phage, those containing one adsorbed 
phage, those containing two adsorbed phage, and so on, maybe approxi­
mated. The general expression for the fraction of the bacteria having 
n phage when the phage to bacteria ratio is given by m is: 
n -m 
P - g 
n n! 
The fraction of bacteria having no adsorbed phage will therefore be 
PQ =e that having one adsorbed phage will be me etc. 
Since a bacteria must have at least one phage adsorbed in order to 
give rise to a plaque, the fraction of bacteria able to give rise to 
plaques will be 1-e If the phage are irradiated with ultraviolet light 
*I« 
to a survival of S ' and these irradiated phage are used to infect cells at 
The survival is based on the fraction able to give rise to plaques 
when bacteria are singly infected with the irradiated phage. 
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a multiplicity of m, the effective multiplicity will now be the product mS. 
In the event that no bacterium gives rise to a plaque which does not have 
at least one active phage particle adsorbed to it, the fraction of the bac-
• tn Q 
teria giving rise to plaques will be given by the expression; P = 1-e" 
s 
As the product mS approaches zero this fraction approaches mS, and the 
curve of 1-e' plotted against m, for values of S very low compared to 
m, approaches a straight line. 
As mentioned in the Introduction, Luria (6) discovered that when 
E. coli B. cells are infected with UV irradiated phage T^, or 
(the T even phages) at phage to bacteria ratios greater than one, the 
-«TV^ Q 
fraction of bacteria giving rise to plaques is much greater than 1-e" 
This effect was studied by Luria and Dulbecco (15) and called multi­
plicity reactivation. For phage irradiated to survivals in the range of 
-2 -3 10 to 10 (which are used in this set of experiments) the fraction of 
the cells giving rise to plaques approaches the fraction of the cells 
which have two or more UV irradiated phage adsorbed. Assuming again 
a Poisson distribution of phage among the cells this fraction equals 
1-e "^-me where the second and third terms of this expression are 
the fraction of cells with zero and one phage adsorbed respectively. 
By comparing the fraction of the bacteria giving rise to plaques, in 
the various cases, with the product mS on the one hand and l-e""^-me~"^ 
on the other, a check on whether or not any mixltiplicity reactivation takes 
place in each case may be made. 
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Experimental 
E. coli B. cells were grown in M-9 with limiting glucose to a con-
9 
centration of approximately 1 x 10 bacteria per ml. and then diluted 
Q tc 
to a concentration of 1 x 10 — with phage bxiffer. The concen­
tration was checked by colony count. Phage 38^"^' to a 
survival in the neighborhood of 0. 01, were added at various phage to 
bacteria ratios, to aliquots of the bacterial suspension, and ten minutes 
was allowed for adsorption to take place at 37°C. At the end of this 
period 0. 1 ml. was removed from the adsorption tube and transferred 
to 9. 9 mis. of cold phage buffer. From this first dilution tube an ali­
quot was removed to check for the amount of phage adsorption which had 
actually taken place. Another 0. 1 ml, aliquot from this tube was trans­
ferred to 9. 9 mis. of cold phage buffer in the second dilution tube and 
the remainder of the serial dilution carried out. Samples were finally 
plated to determine the fraction of bacteria giving rise to plaques. 
One of two methods was used to determine the actual amount of phage 
adsorption which had taken place in the ten minute adsorption period. 
The first method was a direct method. The aliquot removed from the 
first dilution tube was centrifuged at a speed sufficient to spin out the 
bacteria. The supernatant was then assayed for remaining free phage 
(after correction for survival) and the multiplicity of adsorption corrected 
accordingly. 
The first method was found subject to considerable error in instances 
where a small fraction of the bacteria remained in the supernatant after 
centrifugation as was found to be true in using the small clinical centrifuge. 
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The error was greater the lower the survival values and the higher the 
values of m. This was because the probability of these bacteria giving 
rise to plaques was by no means negligible in comparison with the 
plaques due to free phage where less than one in a hundred phage could 
give rise to a plaque. The second method was less subject to error 
under the conditions mentioned. In this case a colony count of bacteria 
was made after serial dilution and plating of the aliquot removed from 
the first dilution tube. Since a bacterial cell is killed by the adsorption 
of one or more phage (irradiated or nonirradiated) and cannot give rise 
to a colony when plated, the fraction of bacteria still giving rise to 
colonies represent the fraction having no adsorbed phage. If one again 
assumes a Poisson distribution it is possible to deternnine the actual m 
of adsorbed phage since the fraction of bacteria with no phage adsorbed 
may be given by e"'^. 
After the experiment had been performed a few times with cells grown 
in M-9 with limiting glucose, it was performed with cells grown in M-9 
(without limiting glucose), and with cells grown in tryptone broth. 
The cells grown in regular M-9 or tryptone broth were centrifuged out, 
taken up in phage buffer, centrifuged out once again, and re suspended 
in phage buffer for adsorption. All of these experiments were done using 
UV irradiated T^ 38^"^' Similar tests for multiplicity reactivation were 
then run for bacteria grown under these various conditions but infected 
with UV irradiated 
47 
Results 
Typical results of the tests for multiplicity reactivation using 38^"*" 
are listed in Table 4. Similar results for the remainder of the experi­
ments are listed in a more abbreviated form in Table 5. 
The results listed in Table 4 indicate that there was no multiplicity 
reactivation for the UV irradiated T^ 38^^ phage on E. coli B. cells 
grown in M-9 with limiting glucose, whereas for E. coll B. cells grown 
In regular M-9 which were washed and resuspended in phage buffer, there 
was a small amount of multiplicity reactivation. When broth grown cells 
which had been washed and resuspended In phage buffer were used the 
results for T^ 38^^"'" similar to those for cells grown in M-9 Indicat­
ing that this particular tryptophane requiring mutant does not give multi­
plicity reactivation under the same conditions as does ordinary T^r+. 
Results of experiments listed In Table 5 show that T^rf does not give 
multiplicity reactivation In cells grown In M-9 with limiting glucose. 
More reactivation takes place with cells grown In M-9 than In the cor­
responding case with T^ 38^^^' cells grown In tryptone broth, 
the results clearly Indicate that multiplicity reactivation takes place with 
T^rf. 
+ + When a low concentration of Ca Ion was added to the M-9 medium 
In which the cells were grown, some Increase In the apparent multiplicity 
reactivation with 12,^+ was noted. The effect was much greater in cases 
where nutrient materials containing amino acids, vitamins, and miner­
als were added to the M-9 in which the E. coli B. bacterial cells were 
grown. This was In the form of small quantities of yeast extract and 
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Table 4. Results of inultiplicity r 
(A) (B) (C) (D) (E) (F) 
General growth Concentra­ Concentra­ Plaques Phage to Pel cent Actual m 
c onditions for tion of bac­ tion of phage formed bacteria adsorp­ adsorbed 
E. coli B. teria at at per ml. ratio (m) tion X^hage 
Phage type and adsorption adsorption 
survival 
1) MQ with 
limiting 
5. 15 X lo"^ 5.35 X 10^ 2,8 X 10^ 1. 04 75 0. 78 
mT 
glucose 1. 07 X .10® 4. 4x 10^ 2. 08 75 1. 56 
"^4. 38^"^ 
S= 0.010 2. 14 X 10® 1. 32 X 10^ 4. 16 75 3. 12 
2) Mc 
"^4. 
S = 0.010 
Adsorp-
tion in 
buffer 
1. 04 X 10® 
5nT 
5.35 X 10' 
1. 07 X 10^ 
2. 14 X 10 7.6 X 10 
4. 28 X 10® 9. 6 X 10^ 
6. 7 X 10 0. 515 
1. 75 X 10^ 
6 
1. 03 
2. 06 
4. 12 
94 
90 
90 
90 
3) Tryptone 2.5 X 10^ 6. 7 X 10^ 7. 5 X 10^ 2. 68 40 1. 07 
broth ml. 1. 34 X 10® 2. 4 X lo '  5. 36 50 2. 68 
'^4. 38'^''' 
S = 0. 015 2. 68 X 10® 
35 X 10® 
5. 2 X lo '  
A 
10. 72 47.5 5. 1 
Adsorp- 5. 11. 0 X 10^ 21. 44 50 10. 72 
tion in 
buffer 

Table 4. Results of multiplicity reactivation tests 
(D) 
Phage to 
bacteria 
ratio (m) 
(E) 
Percent 
adsorp­
tion 
(F) 
Actual m of 
adsorbed 
phage 
(G) (H) 
Calculated Calculated 
value of value of 
mS , -m -m 1-e -me 
(I) 
Experimental 
determination 
of plaques to 
bacteria ratio 
(I)/(G) 
1. 04 
2. 08 
75 
75 
0, 78 
1. 56 
0. 078 
0.0156 
0. 185 
0. 46 
0.00544 
0.00854 
0. 7 
0. 54 
.10^ 4. 16 75 3. 12 0.0312 0.82 0.0256 0. 82 
10^ C. 515 94 0. 484 0. 0048 0. 083 0.00644 1. 34 
10^ 1. 03 90 0. 926 0, 0093 0. 237 0.0168 1. 81 
10^ 2. 06 90 1.852 0.0185 0.552 0.073 - 3. 95 
10^ 4. 12 90 3. 7 0. 037 0.883 0.0923 2. 5 
10^ 2. 68 40 1. 07 0. 016 0. 296 0. 03 1.88 
10^ 5.36 50 2. 68 0. 04 0. 75 0.096 2.4 
10^ 10. 72 47. 5 5. 1 0.0765 0. 964 0. 208 2. 72 
10^ 21. 44 50 10. 72 0. 16 0.999+ 0. 44 2. 75 
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Table 5. Kesults of further multiplicity rea 
Expt. 
phage 
type Survival 
General growth Actual m of 
conditions for adsorbed 
E coli B phage 
Calculated value C 
of 
mS y 
1) 0. 019 Tryptone broth 1. 2 0.0228 
2) a. T,r+ 0. 007 Tryptone broth 1.94 0.0136 
c* 3. 86 0. 027 
7. 76 0. 054 
T,r+ 0. 007 Mg 0.78 0.00540 7 1.56 0.0110 
3. 10 0.0226 
c. T,r+ 0. 007 Mg with limiting 1. 67 0.0116 
glucose 3. 34 0.0234 
d. T,r+ 0. 007 Mg with limiting 1.9 0.0132 
glucose.Cells washed 
and resuspended in 3. 8 0.0274 
buffer for adsorption 
3) a. T,r+ 0.0059 Mq 1. 63 0.0086 
U 7 3. 24 0.0192 
b. T,r+ 0.0059 Mq with 3. 0 X 10-4 M. 2. 13 0.0126 
c* 
c2ci2 4. 25 0.0251 
4) T,r+ 0.0039 Mg containing 0. 165 0. 66 0.00258 
C* 
gina. Yeast extract 1. 33 0.0052 
per liter plus 2. 2 gmg. 2. 66 0.0104 
Casamino acids per 
liter + 10-4 M. CaCl^ 
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Table 5. Results of further multiplicity reactivation tests 
jreneral growth Actual m of 
:onditions for adsorbed 
E coli B phage 
Calculated value 
of 
mS 
Calculated value 
of 
, -m -m 1-e -me 
Experimental 
determination 
of plaque to 
bacteria ratio 
Tryptone broth 1. 2 0. 0228 0. 338 0. 282 
Tryptone broth 1.94 0.0136 0. 577 0.35 
3. 86 0. 027 0. 9 0. 54 
7. 76 0. 054 0. 98 0. 63 
Mq 0. 78 0.00540 0. 185 0. 037 V 1. 56 0.0110 0. 46 0. 071 
3. 10 0. 0226 0. 82 0. 112 
Mg with limiting 1.67 0.0116 0. 49 0.0052 
glucose 3. 34 0.0234 0. 85 0.0107 
Mn with limiting 1. 9 0.0132 0. 74 0.0122 
glucose.Cells washed 
and resuspended in 3. 8 0. 0274 0. 93 0.0218 
buffer for adsorption 
Mn 1. 63 0.0086 0. 48 0. 070 7 3. 24 0.0192 0. 84 0. 098 
Mq with 3. 0 X 10t4 M. 2. 13 0.0126 0. 63 0. 170 
caci2 4. 25 0.0251 0. 94 0. 208 
MQ containing 0. 165 0. 66 0.00258 0. 13 0. 15 
gms. Yeast extract 1. 33 0.0052 0. 39 0. 42 
per liter plus 2. 2 gms.  2.66 0.0104 0. 75 0.50 
Casamino acids per 
liter + 10-4 M. CaClg 
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casamino acids added when the medium was being made up. The apparent 
multiplicity reactivation resulting in this case with T2i'+ was as great 
as that for T!in cells grown in tryptone broth. 
Leakage and "Lysis-From-Without" 
In order to discover whether this apparent multiplicity reactivation, 
which seemed dependent on certain materials in which the cells had been 
grown, was actually dependent on multiple infection, single infection 
experiments with T2r+ on cells grown in these various media were per­
formed. Cells were grown in the various media, were washed and re-
suspended in phage buffer, and singly infected with Adsorption was 
allowed to take place for 20 minutes in phage buffer at 37°C. Results of 
these experiments indicated that even in single infection there were 6 to 
8 times less plaques in the case of cells grown in M-9 than for broth 
++ grown cells. The M-9 plus Ca grown cells again gave 2 to 3 times 
as many plaques as M-9 grown cells. This suggested that the apparent 
differences in multiplicity reactivation experiments with T2i'+ did not 
have anything to do with multiple infection but were characteristic of 
T2r+ infection in general. 
In one experiment in which cells grown in M-9 were washed and re-
suspended in phage buffer and then infected with T2r+ at a phage to bac­
teria ratio of approximately five, a decrease in the apparent turbidity of 
the culture and foaming took place. This was with no glucose present. 
Experiments were designed on a smaller scale to study this effect. An 
aliquot of each culture was removed before infection and one several 
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minutes after infection and the optical densities of these samples were 
compared at 500 mji. The optical densities after infection for various 
phage to bacteria ratios were found to be from 0. 35 to 0. 6 times those 
4" 4* previous to infection. The cells grown in M-9 + Ca seemed to give 
results very similar to those with cells grown in M-9 alone. 
Discussion 
Results in the experiment above indicate that probably "lysis-from-
without" is occurring at much lower multiplicities than is ordinarily 
considered necessary in order for the phenomenon to occur. "Lysis-
from-without" is the name given to the effect of lysis of cells without 
phage growth which usually occurs when a large nvimber of phage parti­
cles are adsorbed to a bacterium. Benzer et al. (7) have noted, how­
ever, that lysis from without occurs at low multiplicities when a suitable 
energy source is absent. 
The results of the single infection experiments with T2i'+ might in­
dicate that E. coli B. cells which are grown in M-9 and washed and 
resuspended in phage buffer are much more fragile than broth grown 
cells submitted to similar treatment and than cells grown in M-9 with 
nutritional ingredients such as casamino acids or yeast extract added. 
Puck and Lee (44, 45) have studied leakage of cellular constituents pro­
duced by an increase in host cell permeability induced by bacteriophage 
infection. They suggest that in a normal infection process this leakage 
drops off in two or three minutes after infection due to a sealing reac­
tion which closes up the hole (45) produced by the virus for the injection 
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of its DNA and starts another reaction which eventually renders the entire 
cell wall refractory to a further lytic stimulus of the same kind. The 
suggestion is also made that the processes which normally check the 
leakage might themselves be inhibited by the attachment of an over­
whelming dose of virus particles to the same cell ("lysis-from-without") 
or nutrient deprivation (44,46) (unchecked leakage). 
+ + The effect of the Ca with the M-9 may be to decrease the amount 
of leakage and thus to keep some of the cells alive to continue the phage 
production process. Puck and Lee (44,45) found Mg to suppress leak­
age reaction in normal infection and suggest that other divalent ions 
may have the same effect. According to these workers, under the appro­
priate conditions, it appears that the leakage process merges into that 
called "lysis-from-without" as the hole size increases. The results of 
the experiments mentioned in the previous section do not contradict these 
h3rpotheses. 
Changes in Amount of Total DNA with Time 
Results of experiments mentioned in the preceding section, together 
with other experiments, indicated the desirability of performing experi­
ments on the changes in amount of total DNA with time after infection 
with UV irradiated with unirradiated T2i'+ as a control in 
systems where multiplicity reactivation is known to take place. Two 
workable methods, each with its own advantages and disadvantages, have 
been used. In one case the E. coli B. bacterial cells are grown in M-9 
supplemented with small amounts of casamino acids, yeast extract, and 
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CaCl^- The cells are washed by centrifugation and re suspended in a 
buffer consisting of M-9 medium without glucose. Adsorption of the 
phage is allowed to take place in this medium. At zero time an 
equal volume of M-9 containing double concentrations of glucose and the 
other nutrient ingredients is added to the mixture to make the medium 
the same as the medium in which the cells were grown and to enable the 
biosynthetic mechanisms to start operating. Samples are withdrawn at 
zero time and periodically thereafter as the virus particles are syn­
thesized. 
In another case the bacteria are grown in M-9 medium to which no 
supplementary ingredients have been added. The cells are not precipi­
tated out with centrifugation, but rather, when the bacterial concentration 
reaches a proper value, the phage are added; this is zero time. The 
bacterial concentration is determined by colony count. Samples are 
again drawn at zero time and periodically thereafter. 
The main advantage of the first method is that the biosynthetic pro­
cess is begun at the same time in each cell. Since adsorption taJses place 
in the buffer, the variability in the times of infection of the individual 
cells is not reflected in the times of beginning synthesis. In the second 
method this is not the case. Its principal advantage is, however, that 
the medium used is a well defined synthetic medium. Also, the time 
necessary to carry out the experiment is less in the second case since 
the centrifugation steps are omitted. 
Examples of experiments performed by each of the two methods 
follow. 
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Experiment A - Method 1 
E. coli B. bacteria were grown in duplicate 500 ml. Erlenmeyer 
flasks containing 250 ml. of supplemented M-9 medium to a concentration 
9 
estimated to be approximately 1 x iO cells per ml. The cells were pre­
cipitated by centrifugation, washed, and re suspended in a total value of 
250 ml. of M-9 buffer (without glucose). After mixing thoroughly, 125 
ml. was returned to each of the two aerating flasks which had been 
kept free from contamination. To one of these an aliquot of UV irradi­
ated T2r+ phage was added to give a final phage to bacteria ratio of 
approximately 3. Adsorption was allowed to take place for 10 minutes 
at 37°C with aeration. To the other flask an identical aliquot of un­
irradiated phage was added. The phage were at the same concentration 
in each case, having been part of the same stock, with the only differ­
ence being that one was irradiated while the other was not. The ad­
sorption conditions for the second flask were identical to those for the 
first. 
At the end of the adsorption period 125 ml. of double concentration 
start-up mixture was added to each of the two flasks. This constituted 
zero time. Five ml. samples were withdrawn from each flask periodi­
cally from this point over a period of time Each of these samples was 
added immediately to 0. 5 ml. of 3 M- TCA in tubes standing in ice 
water. The time (after zero time) of adding each 5 ml. sample to the 
TCA was noted and indicated as the time for that sample in graphs where 
the concentration of a particular material was plotted against time. In 
this case the material was total DNA which contained both bacterial and 
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phage DNA's. 
After at least 10 minutes had been allowed for precipitation of the acid 
insoluble materials in the samples, the precipitates were centrifuged down. 
The supernatants were transferred to niimbered tubes for use in another 
connection, and 1 ml. of cold distilled water was added to each of the 
precipitates. The relative amounts of total DNA present in each of the 
precipitates was found by means of the Dische diphenylamine test. 
Experiment B - Method 2 
The second method differed from the first only in the following ways. 
The bacteria were grown in duplicate flasks each containing 250 mis. 
of M-9 medium. When the concentration of bacteria reached the proper 
value, the aeration was stopped, the bacterial suspensions mixed 
thoroughly, and half returned to each flask again. The concentration 
was checked by colony count on an aliquot removed after the two batches 
had been mixed. The phage were added at zero time, and samples were 
withdrawn and tested as indicated in the first method. 
General conditions 
In each method the actual multiplicity of the adsorbed phage was 
checked by making a colony count of surviving bacteria on an aliquot re­
moved a certain nxmaber of minutes after the phage had been added. 
Other experiments using each of these methods were run, some employ­
ing different sized aeration flasks containing different amounts of medium, 
but the results in each case were similar to those for one of the two ex­
periments describ ed here. 
56 
The pertinent Information connected with these two total DNA experi­
ments (Experiment A and Experiment B) Is given In Table 6. 
Table 6. Comparison of Experiments A and B 
Experimental conditions and results 
Medium used for growth of E. coll B. 
Adsorption of 'l2^r+ 
Concentration of bacteria during 
viral synthesis 
phage survival after UV Irradiation 
Actual multiplicity (m) of adsorbed 
phage 
Final concentration of 12^"^ (yield) 
Unirradiated case 
Irradiated case 
Final yield - phage per cell 
Unirradiated case 
Irradiated case 
Experiment A Experiment B 
M-9 + nutrient M-9 
Ingredients 
In buffer Not In buffer 
1. 16 X 10^/ml. 7 X 10^/ml. 
0. 003 
2. 5 
0.0075 
3. 0 
1. 2 X 10^ Vml. 7. 2 X 10^°/ml. 
7 X 10^° /ml .  
103 
60 
3. 3 X lO^^/ml. 
103 
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Results 
The results of the Dlsche diphenylamine test on the samples In Experi­
ment A are plotted against time and shown In Figure 3. Those for Experi­
ment B are plotted in Figure 4. Since the Interest In these experiments 
is in relative amounts of DNA rather than In absolute quantities, and In a 
comparison of the irradiated phage case with the unirradiated case, the 
data Is plotted In terms of the optical density of the diphenylamine complex 
at 600 mjjL which Is directly proportional to the total DNA per sample. 
Figure 3. Dische reaction (D^QQ) of trichloroacetic acid 
insoluble fraction at various times after infection 
Q Infection with unirradiated phage. 
Infection with irradiated phage (survival = 0. 003). 
Q 
Original concentration of bacteria = 1. 16 x 10 /ml. 
Actual multiplicity of infection = 2. 5. 
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Figure 4. Dische reaction trichloroacetic acid 
insoluble fraction at various times after infection 
0 Infection with unirradiated phage. 
A Infection with irradiated phage (survival = 
0. 0075). 
8 Original concentration of bacteria =7x10 /ml. 
Actual multiplicity of infection =3.0. 
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Discussion 
Figure 3 shows a slight drop in the total DNA with time for the first 
few minutes after infection with unirradiated phage, followed by a rapid 
increase which seems to begin to taper off at around 75 minutes. The 
curve representing infection with irradiated T2r+ has the same general 
shape but lags the first curve by 8 to 10 minutes in the region of rapid 
increase in total DNA. The first curve also attains a higher value by the 
end of the period of measurement. 
In general the curves in Figure 4 appear to be similar to those in 
Figure 3. The most significant difference is probably that there is no 
initial decrease in total DNA in either of the two curves but rather the 
DNA increases after a short lag period with the curve for infection with 
irradiated phage again lagging the first curve by approximately 8 to 10 
minutes in the initial increase period. The initial decrease in total DNA 
in Experiment A may be due to an extra period of time necessary for 
adaptation to the medium before synthesis begins since the phage are 
adsorbed in buffer. 
Changes in UV Absorbing Acid Soluble Material with Time 
In connection with Experiment A and Experiment B of the last sec­
tion, an estimation of the changes in UV absorbing acid soluble material 
with time was made. The supernatanto of all withdrawn samples which, 
after precipitation in cold 0. 3 M. TCA and centrifugation, had been poured 
into labelled tubes and stored in the cold room, were used for this pur­
pose. Aliquots of 0.5 ml. from each tube were mixed with 2. 5 ml. of 
6l 
phage buffer in spectrophotometer cuvettes and the optical densities were 
read against buffer at 10 la intervals between 240 and 300 mjA. The 
values were corrected for 0. 3 M TCA blank values to get the optical 
densities of the acid soluble materials in the culture. 
The corrected optical densities of the samples at 260 mji have been 
plotted against the time after infection and are shown in Figures 5 and 6. 
Figure 5 represents data taken in connection with Experiment A where 
the cells were grown in supplemented M-9 medium, washed, re sus­
pended, and infected in buffer. Figure 6 represents data from Experi­
ment B where the cells were grown and infected in M-9. 
In each of the two experiments the changes in UV absorbing acid solu­
ble materials with time, for infection with both irradiated and unirradi­
ated phage, appear to be the same from zero time up to approximately 
60 minutes after which the amount of UV absorbing acid soluble materials 
in the case of irradiated phage is greater than in the case of tinirradi-
ated. The most apparent difference between the two experiments is that 
in the case where the cells are not washed and infected in buffer, there 
is an approximately steady increase in UV absorbing acid soluble mater­
ial with time from zero as indicated in Figure 6. In the other experiment, 
the amount of these substances is constant for about 30 minutes after zero 
time, as indicated in Figure 5, and then increases rapidly changing gradu­
ally to a rate similar to that shown in Figure 6. 
In Table 7 optical densities at several wavelengths at various times 
after infection together with differences in optical densities for the data 
plotted in Figure 5 are listed. 
Figure 5. ^260 ^ dilution of the trichloroacetic acid 
soluble fraction at various times after infection 
0 Infection with unirradiated phage. 
A Infection with irradiated phage. 
Conditions of infection as in Figure 3. 
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Figure 6. ^2(}Q ^ dilution of the trichloroacetic acid 
soluble fraction at various times after infection 
0 Infection with, unirradiated phage. 
A Infection with irradiated phage. 
Conditions of infection as in Figure 4. 
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Table 7. UV absorption data from Experiment A 
I. Optical densities (Six-fold dilution) - Infection with unirradiated phage 
Wavelength in mjx 250 2bU 270 280 290 300 
1) Sample drawn at 0 min. . 051 . 061 . 048 . 026 .010 . 003 
2) Sample drawn at 35 " . 068 . 075 . 060 . 034 . 015 .005 
3) Sample drawn at 90 " . 119 . 135 . 114 . 073 . 038 . 018 
4) Sample drawn at 245 •' . 167 . 184 . 163 . 115 . 068 . 035 
2) minus 1) (above) . 017 . 014 . 012 . 008 . 005 . 002 
3) " 2) " . 051 . 060 . 054 . 039 . 023 .013 
4) " 3) " . 048 . 049 . 049 . 042 . 030 . 017 
II. Optical densities (Six-fold dilution) - Infection with irradiated phage 
Wavelength in mjx 250 260 270 280 290 300 
5) Sample drawn at 0 min. . 052 . 058 . 051 . 031 . 015 o o 
6) Sample drawn at 35 tt . 079 . 081 . 068 . 042 . 019 o
 
o
 
7) Sample drawn at 90 tl . 137 . 152 . 132 . 085 . 042 . 018 
8) Sample drawn at 245 tt . 179 . 216 . 195 . 135 . 073 . 035 
6) minus 5) (above) . 027 . 023 . 017 .  O i l  . 004 . 000 
7) •• 6) tl . 058 . 071 . 064 . 043 . 023 . 009 
8) " 7) II . 042 . 064 . 063 . 040 . 031 . 017 
Examination of the spectra reveals peaks at 260 mjji which are charac­
teristic of nucleic acids and its breakdown products down to the purine 
and pyrimidine bases. The presence also of other UV absorbing sub­
stances such as protein derivatives is indicatedi however, particularly 
in the optical density differences betwee^n samples drawn at two different 
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times after infection. 
There appears to be no indication of a build-up of UV absorbing acid 
soluble materials in the case of infection with irradiated phage such as 
might be expected should a block in the nucleic acid synthesis be im­
posed by the radiation. In fact, as was mentioned previously, there 
appears to be a negligible difference between the cases of infection with 
irradiated phage and with unirradiated phage for the first 60 minutes as 
far as UV absorbing acid soluble materials are concerned. 
One-Step Growth Experiment 
In order to test for differences in length of the latent period and burst 
size between infections with UV irradiated and unirradiated T2r+ bac­
teriophage pairs of one-step growth experiments (47) were performed 
with multiple infection of the bacterial cells by the phage. 
The procedure (modified for use in this experiment) consists essen­
tially of the following steps. E. coli B. cells grown to a concentration 
9 
of approximately 1x10 per ml. in nutrient supplemented M-9 medium 
are washed and resuspended in phage buffer. The 12^"^ (irradiated or 
9 
unirradiated) are added to a final concentration of 3-4 x 10 phage per 
ml. Several minutes at 37°C are allowed for phage adsorption. At zero 
time the appropriate proportion of a concentrated supplemented M-9 
medium is added. At 10 minutes an aliquot of the mixture is diluted in 
3 the growth medium to a final concentration of approximately 1 x 10 cells 
per ml. and a second aliquot of the mixture is diluted in a similar manner 
to a concentration of about 20 cells per ml. Platings are made at inter­
vals beginning at 18 minutes for plaque counts. 
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At first the niimber of plaques from tubes at the higher concentration 
will be suitable for counting with few or no plaques on the plates from 
the lower concentration of cells. Later, however, after the cells have 
burst the niimbers of plaques on the former plates will be too numerous 
to count while the numbers on the latter plates will be suitable for counting. 
The data from one of these ex^jeriments are plotted in Figure 7. There 
appears to be very little difference in the time of initial appearance of new 
virus in the UV irradiated and unirradiated cases. The rate of increase 
of new virus may be greater in the case of infection with unirradiated 
phage, however. The burst size after infection with unirradiated T23P+ 
was about 100 compared with 50 for the case of infection with the UV 
irradiated phage, which compares to data collected from phage yields 
in previous experiments. 
Premature Lysis 
It is of interest to investigate the development of active phage particles 
in cells before the end of the latent period in the case of multiple infec­
tion with UV irradiated phage and to compare this with phage development 
after infection with unirradiated phage. In order to accomplish this it is 
necessary to cause the cells to lyse prematurely without inactivating the 
intracellular virus. 
The lysing medium used for this purpose in these experiments con­
tained cyanide, as a metabolic inhibitor to stop the progress of phage 
development at a precise moment, and chloroform, to prematurely lyse 
the infected cells. The concentrations of these substances in the lysing 
Figure 7. One-step growth experiment. Relative phage titer 
at various times after infection 
0 Infection with unirradiated phage. 
^ Infection with irradiated phage (survival = 0. 006). 
0 Original concentration of bacteria = 8 x 10 /ml. 
Actual multiplicity of infection = 4. 0. 
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medium have been given in the materials section of this paper. 
The E. coli B. cells were grown in M-9 medium to a concentration 
g 
of approximately 7x10 cells per ml. After removing an aliquot for 
assay of the bacterial concentration the suspension was divided into two 
parts, one of which was infected with UV irradiated phage and the other 
with unirradiated phage at identical mxiltiplicities of about 4 at zero time. 
One ml. aliquots from these cxiltures were transferred at desired 
times (usually 2 minute intervals) to 9 ml. of the lysing medium emul­
sion and mixed thoroughly. After the tubes had stood for 10 or 15 min­
utes, aliquots from each of these tubes, after serial dilution, were 
plated out for plaques on agar plates. 
The resiilts of this experiment are graphed and appear in Figure 8. 
The delay in appearance of intracellular active phage particles in 
the case of multiple infection with UV ix*radiated T2^+ appears to parallel 
the delay in increase in total DNA as indicated in previous experiments, 
with these irradiated phage. In this experiment, as in former experi­
ments, the delay appears to be approximately 8 minutes in comparison 
with the process in infection with unirradiated phage. 
Determination of Increase of Bacteriophage DNA with Time 
Since the curve for total DNA versus time after infection of E. coli B. 
in the case of infection with UV irradiated T2J^+ is similar to that for 
infection with unirradiated T2i'+ except for corresponding points falling 
8-10 minutes later, It may be reasonable to assume that the synthesis 
of T2r+ DNA In this case Is delayed 8-10 minutes behind the synthesis 
Figure 8. Intracellvilar phage development at various 
times after infection 
0 Infection with unirradiated phage. 
A Infection with irradiated phage (survival = 0. 004), 
g 
Original concentration of bacteria = 7x10 /ml. 
Actual multiplicity of infection = 3. 0. 
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of T2*"+ DNA after infection, with unirradiated phage. This assumes, of 
course, that any changes in the amount of bacterial DNA which take place 
with time are the same in the two cases since the total DNA is made up 
of E. coli B. DNA plus phage T2r+ DNA. Such an assumption is not 
actually justified, however, until it has been experimentally verified. 
Experiments were therefore designed and performed to measure the 
fraction of the total DNA which was DNA at various times after 
phage infection. The general method employed in these experiments has 
been outlined in some detail in a preceding section and will not be re­
peated here. 
Figure 9 gives the results of the first experiment of this type. The 
bacterial DNA and the phage DNA are plotted separately against the time 
after infection. The curves are self explanatory. It can be seen that 
there is actually a lag in the synthesis of phage DNA in bacterial cells 
with a multiple infection of UV irradiated T2i'+- In this experiment the 
readings were taken at intervals of approximately 5 minutes up to 35 
minutes after infection. Because of this the detail in the first parts which 
are the significant portions of the curves was not clear without further 
investigation. A second experiment of a similar nature was undertaken 
with samples drawn more often but over a shorter time period. The 
results are plotted in Figure 10. Although the processes were initiated 
a little slower than in the previous experiment, perhaps due to lower 
aeration, the results are similar with the lag again obvious. This experi­
ment seems to indicate that there is no viral DNA synthesis in the first 
few minutes after infection in the case of multiple infection with the UV 
Figure 9- Bacterial DNAf phage DNA, and intracellular phage 
titer at various times after infection 
A Bacterial DNA in bacteria infected with unirradiated 
phage. 
A Bacterial DNA in bacteria infected with irradiated 
phage. 
• Phage DNA in bacteria infected with unirradiated 
phage. 
0 Phage DNA in bacteria infected with irradiated phage. 
0 Intracellular phage/cell in bacteria infected with un­
irradiated phage, 
Q Intracellular phage/cell in bacteria infected with 
irradiated phage. 
o 
Original concentration of bacteria = 1 x 10 /ml. 
Actual multiplicity of infection = 7. 0. 
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Figure 10. Bacterial DNA and phage DNA at various times after 
infection 
A Bacterial DNA in bacteria infected with unirradiated 
phage. 
A Bacterial DNA iti bacteria infected with irradiated 
phage. 
0 Phage DNA in bacteria infected with unirradiated 
phage. 
0 Phage DNA in bacteria infected with irradiated phage. 
8 Original concentration of bacteria = 9 x iO /ml. 
Actual multiplicity of infection = 6. 0. 
Survival of irradiated phage = 0. 0067, 
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irradiated phage since the curve has zero slope for the first several min­
ute s. 
At this point it might be well to mention the 0. 62 which is divided into 
7 the number of moles of DNA-P x 10 (see step 23 in the procedure under 
paper electrophoresis in a preceding section). The recovery of bacterial 
DNA is less than that of viral DNA in the separation of the DNA from the 
RNA plus protein prior to acid hydrolysis and paper electrophoresis of 
the free bases. Hershey and co-workers (2) also made note of this in 
their experiments. This effect may have something to do with the differ­
ence in the strength or space relationship of the bonding of DNA to protein 
in the bacteria compared with the virus. Since the number of moles of 
DNA-P from the bacteria is based on the total moles of DNA-P and on 
the fraction of the total DNA-P which is of bacterial origin, any differ­
ence in recovery of DNA of the different kinds must be corrected in 
such a way as to give the actual fraction of the total DNA-P originally 
present which was of bacterial origin. That this correction is approxi­
mately constant for all samples drawn was indicated by the fact that the 
points plotted without correction lay nearly on smooth curves. However, 
the point at zero time for T2^+ DNA, which was determined on the basis 
of the numbers of phage added, was found to lie lower than the end point 
of the extrapolated value at zero time from the uncorrected curve for 
the data in the second experiment. In order to determine the value of 
the approximate correction necessary due to the smaller recovery of 
bacterial DNA than viral DNA, the coincidence of the extrapolated point 
at zero time with the experimentally determined one was chosen as the 
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criterion. It was found that dividing the bacterial DNA-P values by 0. 62 
made these two points coincide, and the data plotted in Figure 10 has been 
corrected accordingly. Applying the same value of 0. 62 in the case of the 
data in the first experiment made the extrapolated value from the curves 
coincide with the experimentally determined zero point value. The 
graphs in Figure 9 are plotted also then from the data thus corrected. 
The advantage of the method used in these experiments over those 
of Hershey (2) is that, whereas each of his experimental points for phage 
DNA versus time after infection was from a different experimental cul­
ture, the points plotted for each curve in Figures 9 and 10 are from a 
single culture. Also, the curves in a single figure for infection with UV 
irradiated and unirradiated T2i'+ are derived from the same bacterial 
culture and the same phage stocks, the only difference being that the 
phage in one case were irradiated with ultraviolet light to a survival less 
than 0. 01. 
In Figure 9 curves for intracellular phage in each of the two cases 
have also been plotted from data on samples drawn from the same cul­
tures used for the determination of phage DNA. The method involved 
was identical to that described in the preceding section except that here 
the volume measurements were subject to some difficulty, being pipet­
ted from an actively aerated culture which resulted, at times, in some 
bubbles in the pipettes. The curves resemble, however, the ones from 
the preceding section and enable an estimation of the phage DNA pool 
sizes to be made for infection with irradiated phage and with unirradi­
ated phage. As may be seen in Figure 9 the pool size is about the same 
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in the two cases with about 45-50 phage units per cell of phage DNA in 
excess of the active intracellular phage at any time after the intra­
cellular phage begin to appear. 
Experiments Using 5-Methyl Tryptophane 
Since 5-methyl tryptophane has been observed to inhibit protein 
synthesis without affecting DNA synthesis it has been used in studies 
relating the synthesis of phage DNA to the synthesis of protein in phage 
reproduction (36). Chloramphenicol has been used for a similar pur­
pose (35). Since 5-methyl tryptophane was available in our laboratory 
it was chosen for use in multiplicity reactivation experiments. Three 
experiments using it were performed. In the first experiment UV ir­
radiated T2i'+ were used in a multiple infection of E. coli B. in M-9 
-4 
medium containing 5 x 10 M. 5-methyl tryptophane. At 13 minutes 
_3 dl-tryptophane was added to a final concentration of 1 x 10 M. to 
reverse the inhibition of the 5-methyl tryptophane. Two controls were 
used which were identical to the test culture except that the dl-
tryptophane was not added at 13 minutes. In one of the controls the dl-
_3 tryptophane (to a final concentration of 1 x 10 M.) was added simul­
taneously with the 5-methyl tryptophane at zero time. No dl-
tryptophane at all was added in the other control. Viral synthesis was 
followed by checking for the development of active intracellular phage 
by premature lysis using the techniques employed previously. 
The second experiment using 5-methyl tryptophane was similar to 
the first except that multiple infection with unirradiated T2r'+ took the 
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place of multiple infection with irradiated phage. 
The results of these two experiments are shown in Figures 11 and 
12. In each experiment the delay in the development of intracellular 
phage, in the case where the 5-methyl tryptophane was not reversed 
for 13 minutes after infection, was 12 minutes or thereabouts. This 
indicates that some kind of protein synthesis early in the process is 
required in the case of multiplicity reactivation as well as in multiple 
infection with unirradiated T2i"+ bacteriophage. 
It is not clear what this process can be, but it possibly involves 
the synthesis of enzymes necessary for the initial steps in multiplicity 
reactivation. 
The third experiment with 5-methyl tryptophane (using M-9 again 
as the culture medium) utilized both UV irradiated and unirradiated 
T2J^+ with the further modification that in each of these cases the 
5-methyl tryptophane was added at 7 minutes after addition of the phage 
rather than with the phage at zero time. Actually the bacteria, after 
reaching the desired concentration, were divided into four culture flasks 
with UV irradiated 12^+ added to two of the flasks and unirradiated 12^+ 
added to the other two. The 5-methyl tryptophane was added at 7 minutes 
to each, as indicated above, but in one irradiated and one unirradiated 
flask the inhibition was reversed by the addition of tryptophane at 22 
minutes, whereas no tryptophane was added at any time to the other pair. 
The synthetic processes were followed by assaying for total DNA in the 
flasks where no tryptophane was added for reversal of the inhibition. In 
the other pair the development of active intracellular phage was followed 
with assays of the total DNA taken at two times for comparison with the 
Figure 11. Effect of 5-methyltryptophane (5 MT) and^t^. -tryptophane 
(T) upon the development of intracellular phage (irradiated) 
O Phaee/cell at various times after infection. 5 MT 
(5 X 10~^M) and T (10"^ M) added at zero time. 
• Phage/cell at various times after infection. 5 MT 
(5 X 10"^ M) added &t zero time, T(10"2 M) added at 
13 minutes. 
B Phaffe/cell at various times after infection. 5 MT 
(5 X 10"^ M) added at zero time. 
Original concentration of bacteria = 9. 6 x 10®/ml. 
Actual multiplicity of infection = 7. 0. 
All phage had been irradiated to a survival of 0. 006. 
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Figure 12. Effect of 5-methyltryptophane (5 MT) and<i(£ -tryptophane 
(T) upon the development of intracellular phage (unir­
radiated) 
9 Pliag^e/cell at various times after infection. 5 MT 
(5 X 10"'* M) and T (10"^ M) added at zero time. 
A Phage/cell at various times after infection. 5 MT 
(5 X 10"'^ M) added at zero time and T(10"3 M) added at 
13 minutes. 
g 
Original concentration of bacteria = 9 x 10 /ml. 
Actual multiplicity of infection = 7.0. 
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total DNA at corresponding times in the cultures with no tryptophane added. 
A schedule of operations for this experiment* which is typical of the 
schedules used for many of the experiments, is given in Table 8. A I 
separate column is used for each of the four flasks A, B, C, and D. It 
will be noticed that since the same operation cannot be performed on each 
of the four flasks simultaneously, zero times (and consequently the actual 
times for the succeeding operations) are spaced one minute apart for 
each of the flasks. The tubes containing cold trichloracetic acid used for 
the samples for total DNA assay by the Dische diphenylamine test are 
indicated with unprimed numbers with the letters accompanying the 
numbers representing the flask from which the sample was withdrawn; 
the tubes used to hold the lysing solution in the assay for active intracel­
lular phage particles are indicated with primed numbers with the letters 
having the same significance as before. The times listed are the times 
when the samples actually contacted the TCA or cyanide solution thus 
stopping all metabolic activity. 
The results of this experiment are found in Figures 13 and 14, the 
total DNA versus time being plotted in Figure 13 and active intracellular 
phage being plotted in Figure 14. In this case the total DNA has been ex­
pressed in terms of phage units per cell as in certain previous experi­
ments. 
According to the curve for infection with unirradiated T2r+ in Figure 
13, the effect of the addition of the 5-methyl tryptophane at 7 minutes is 
to prevent any increase in the rate of DNA synthesis beyond that which it 
had at that time, and to keep the rate constant at that value. In other 
words it does not stop DNA synthesis once under way, but prevents new 
88 
Table 8. Operation schedule for experiment using 
5-methyl tryptophane 
B D 
0 min. - add 
unirradiated 
phage 
1 min. - add 2 min. - add un-
irradiated phage irradiated 
phage 
1/2 min. - 5 mla. 1 1/2 min. - 5 mis. 
from A into lA from B into IB 
4 min. -0.1 ml. 
from A for phage 
adsorption check 
5 min. - 5 mis. 6 min. - 5 mis. 
from A into 2A from B into 2B 
7 min. - add 
5 MT 
8 min. - add 5 MT 9 min. - add 
5 MT 
9 min. - 5 mis. 10 min. - 5 mis. 
from A into 3A from B into 3B 
13 min. - 5 mis. 14 min. - 5 mis. 
from A into 4A from B into 4B 
17 min. - 5 mis. 18 min. - 5 mis. 
from A into 5A from B into 5B 
21 min. - 5 mis. 22 min. - 5 mis. 
from A into 6A from B into 6B 
25 min. - 5 mis. 26 min. - 5 mis. 
from A into 7A from B into 7B 
3 min. - add 
irradiated 
phage 
10 min. - add 
5 MT 
24 min. - add 
tryptophane 
26 min. - 1 ml. 
from C into I'C 
25 min. - add 
tryptophane 
27 min. - 1 ml. 
from D into I'D 
29 min. - 5 mis. 30 min. - 5 mis. 
from A into 8A from B into 8B 
30 min. - 1 ml. 
from C into 2'C 
31 min. - 5 mis. 
from C into IC 
31 min. - 1 ml. 
from D into 2'D 
32 min. - 5 mis. 
from D into ID 
33 min. - 1 ml. 
from C into 
34 min. - 1 ml. 
from D into 3'D 
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Table 8 (continued) 
A D 
36 min. • 
from C 
37 min. • 
from C 
- 1 ml. 
into 4'C 
- 5 ml. 
into 2C 
39 min. • 
from C 
42 min. 
from C 
45 min. 
from C 
• 1 ml. 
into 5'C 
- 1 ml. 
into 6'C 
- 1 ml. 
into 7'C 
37 min. • 
from D 
38 min. • 
from D 
40 min. • 
from D 
43 min. • 
from D 
46 min. • 
from D 
• 1 ml. 
into 4'D 
• 5 ml. 
into 2D 
• 1 ml. 
into 5'D 
- 1 ml. 
into 6*D 
- 1 ml. 
into 7*D 
50 min. 
from C 
55 min. 
from C 
60 min. 
from C 
- 1 ml. 
into 8'C 
- 1 ml, 
into 9'C 
- 1 ml. 
into 10*C 
5 1 min. 
from D 
56 min 
from D 
61 min. 
from D 
- i ml. 
into B'D 
- 1 ml. 
into 9'D 
- 1 ml. 
into lO'D 
DNA synthesis. This is in agreement with Burton's observations (36) 
using 5-methyl tryptophane and the observations of Tomizawa and 
Sunakawa (35) using chloramphenicol as an inhibitor of protein synthesis. 
Accordingly, when the inhibition is reversed at 22 minutes with trypto­
phane, the rate of DNA synthesis is increased. 
In accordance with the observation made above it is not surprising 
that upon infection with UV irradiated T2^+ the rate of DNA synthesis 
is zero (until the inhibition is reversed) when 5-methyl tryptophane is 
Figure 13. Effects of 5-tnethyltryptophane (5 MT) and^ -tryptophane (T) 
upon the DNA/cell during phage infection 
DNA/cell at various times after infection with unirradi­
ated phage. 5 MT(5 x 10"^ M) added at 7 minutes. 
• DNA/cell at various times after infection with irradiated 
phage (survival = 0. 0038). 5 MT(5 x lO-^ M) added at 7 
minute s. 
0 DNA/cell at various times after infection with unirradi­
ated phage. 5 MT(5 x 10"^ m) added at 7 minutes and 
T(10"^ M) added at 22 minutes. 
A DNA/cell at various times after infection with irradiated 
phage (survival = 0. 0038). 5 MT(5 x 10"^ M) added at 7 
minutes and T (10"^M) added at 22 minutes. 
g 
Original concentration of bacteria = 1 x 10 /ml. 
Actual multiplicity of infection = 6. 
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Figure 14. Effects of 5-methyltryptophane (5 MT) andoU -tryptophane (T) 
upon the development of intracellular phage 
9 Phage/cell at various Umes after infection with unirradi­
ated phage. 5 MT(5 x 10"^ M) added at 7 minutes and 
T(10"^ M) added at 22 minutes. 
A Phage/cell at various times after infected with irradicited 
phage (survival = 0. 0038). 5 MT(5 x 10"'^ M) added at 
7 minutes and T(10~3 added at 22 minutes. 
Original concentration of bacteria = i x 10^/ml. 
Multiplicity o£ infection =6. 
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added at 7 minutes, since at 7 minutes, after infection with UV irradiated 
phage, the rate of DNA synthesis is zero according to previous experi­
ments. The immediate increase in DNA synthesis upon reversal of the 
inhibition with tryptophane at 22 minutes is of interest. Something evi­
dently occurred dviring the 15 minute period with 5-methyl tryptophane 
which made up approximately 5 minutes of the delay usually observed. 
What process is involved here is not clear. 
In Figure 14, the curve for intracellular phage development for in­
fection with UV irradiated phage again lags behind that of the control 
but not by the 7 or 8 minutes observed previously. This effect is 
probably related to the 5 minutes shortening of the DNA lag period just 
mentioned. 
In summarizing the results of the experiments using 5-methyl tryp­
tophane the following observations may be made. Some kind of protein 
synthesis takes place shortly after infection with UV irradiated as 
well as with unirradiated T2r+. Protein synthesis is necessary to initiate 
DNA synthesis but is not necessary for its continuation. Some steps in 
the multiplicity reactivation process occurring after the initial protein 
requiring steps, but before the protein synthesis for phage coats, do 
not require protein synthesis. In order for active intracellular phage 
to appear protein synthesis is necessary, undoubtedly for the protein 
coats of the phage. 
Further experimented work should be done with 5-methyl tryptophane 
in connection with UV irradiated phage in order to determine the periods 
in the multiplicity reactivation process requiring protein synthesis and 
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those not requiring protein synthesis. In this way, more light might be 
shed on the mechanism of phage reproduction in general. 
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SUMMARY OF RESULTS 
A series of experiments on multiple infection of Escherichia coli B. 
by UV irradiated or T^r+ bacteriophage was performed, with 
multiple infection by unirradiated phage as controls. 
Multiplicity reactivation, which ordinarily takes place with the T 
even phages, did not take place with either l!2_r+ or T^r+ when multiple 
infection of bacterial cells, which were grown to a limited concentration 
in a synthetic glucose-salts medium with limiting glucose, was allowed 
to take place with phage irradiated with ultraviolet light to a survival 
of 0. 03 to 0. 003. These cells did yield new phage upon multiple infec­
tion with unirradiated phage. 
Multiplicity reactivation was found to take place in cells grown in 
a regular glucose-salts medium, containing more than a limiting 
amount of glucose, if leakage and "lysis-from-without" were prevented by 
infecting the cells in the medium itself and not in buffer, and in cells 
grown in a glucose-salts medium supplemented with amino acids, 
vitamins, and minerals, in which case the cells could be centrifuged 
out and re suspended in buffer for infection without danger of leakage or 
"lysis-from-without. " 
Using one of the systems in which multiplicity reactivation does take 
place, multiple infection experiments were carried out with UV irradi­
ated and unirradiated T2i'+. The total DNA, as measured by the Dische 
diphenylamine test on 0. 3M. trichloroacetic acid precipitates of cultures 
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drawn at various times after infection, increased after a 3 to 5-minute 
lag period in the case of infection with unirradiated phage. The total DNA 
curve, after infection with UV irradiated was similar in shape but 
lagged behind the former DNA curve by 8 to 10 minutes in each case when 
the experiments were run simultaneously on separate fractions of the 
same bacterial culture. The UV absorbing acid soluble components 
from these same samples were found to increase, in general, with time 
after infection, and the values for infection with UV irradiated phage were 
the same as for infection with unirradiated phage for the first 60 min­
utes, after which the amount of UV absorbing acid soluble materials in 
the case of irradiated phage was greater. The absorption spectra of the 
acid soluble fractions revealed peaks at 260 mji. indicative of nucleic 
acid breakdown products. The differences between spectra of different 
samples indicated the presence of protein derivatives also. 
Duplicate one-step growth experiments with multiple infection with 
UV irradiated and unirradiated T^^rH- gave latent periods within one or 
two minutes of each other and burst sizes of approximately 50 and 100 
phage per cell respectively. 
Premature lysis of the cells in a chloroform-cyanide mixture re­
vealed that a similar 8 to 10-minute lag, found in the increase of total 
DNA in the case of infection with UV irradiated phage, was present in 
the appearance of active intracellular phage in this instance. 
A determination of the increase in DNA with time, based on 
the presence in T even phage DNA of the pyrimidine base hydroxymethyl 
cytosine and the absence of cytosine, was made for simultaneous bacterial 
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cultures multiply infected with UV irradiated and unirradiated bacterio­
phage. Paper electrophoresis of the bases obtained by acid hydrolysis 
of DNA from samples of duplicate cultures of cells infected with UV 
irradiated and unirradiated T2r+, enabled curves to be drawn for the 
amount of DNA and bacterial DNA versus time after infection in 
each of the two instances. The curves for bacterial DNA indicated de­
creases with time after infection in each of the two cases. The curves 
for T2r+ DNA indicated a period of zero increase followed by a rise to 
a steady rate of production of DNA. The curve for multiple infection 
with UV irradiated phage lagged behind that for unirradiated phage by 
8 to 10 minutes but had the same shape. In the same experiment, 
simultaneous determinations of active intracellular phage at various 
times after infection made possible an estimate of the pool size in terms 
of phage units of DNA per bacterial cell which amounted to 45 to 50 in 
the case of infection with unirradiated phage and in the case of UV 
irradiated phage. 
By using 5-methyl tryptophane as an inhibitor of protein synthesis, 
and adding it at zero time or at a later time in simultaneous cultures of 
bacteria multiply infected with UV irradiated phage or with unirradiated 
phage, and reversing the effect at later times by the addition of trypto­
phane, it was determined that protein synthesis is necessary soon after 
infection with UV irradiated as well as with unirradiated T2^x-i- in order 
for phage production to take place. Protein synthesis is necessary for 
the initiation of DNA synthesis but not for its continuation. There is 
evidence that some of the steps in the multiplicity reactivation process, 
after the initial steps, do not require protein synthesis. 
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